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Travel Patterns in 50 Cities 


BY THE DIVISION OF HIGHWAY PLANNING 


Reported by FRANK B. CURRAN, Statistician, 





During the past 15 years origin-and-destination traffic surveys of the home- 
interview type have been conducted in more than one hundred cities. This 
article presents information regarding the purpose for which trips were made 
by residents in 50 of these urban areas and the mode of travel they used. Data 
are also included pertaining to basic household characteristics of the areas such 
as the numbers of duelling units, residents, and automobiles owned, and the 
relations between these characteristics and the volume of trips classified ac- 
cording to purpose and mode of travel. The urban areas have been grouped by 
population size to disclose whatever travel trends or patterns may exist among 
cities in the several population greups. 

The percentage distribution of major trip purposes is fairly uniform in cities 
of all sizes. Analysis by mode of travel, however, shows a variable pattern. 
The proportion of trips by automobiles and taxis increases as city size decreases. 
On the whole, mass transit is by far the most prevalent mode of travel in the 
largest cities, but its relative importance varies depending upon the trip pur- 
pose. Trips for social and recreational purposes, for instance, general'y involve 
the use of automobiles. 

In most cases, the volume of daily trips by residents within an urban area is 
directly related to the numbers of persons, dwelling units, and automobiles 


and JOSEPH T. STEGMAIER, Highway 
Research Engineer 


aspects of the many-sided travel patterns for 
50 of these cities, considered either singly ortin 
combination. Information from the recent 
past regarding travel habits of city residents 
should be valuable to urban planners, highway 
engineers, and economists in attacking” the 
transportation problems of the present and 
future. It is also hoped that the article ‘will 
serve to call attention to the quantity and 
quality of data that have become available as 
a result of such surveys. A list of the selected 
cities showing survey dates and population at 
the time of the study is given in table 1. It 
should be noted that almost one-third of the 
studies were conducted during the Jatter part 
of World War II and the year following the 
end of the war. Some of the variations in 
trip-purpose and travel-mode patterns which 
are discussed later may be associated with the 


| registered in the area. The relations vary, however, depending upon the trip 


purpose and mode of travel. 


A MONG the more important factors 
“AM affecting the planning of streets and 
tighways are the means by which residents 
ravel within the city, the purposes for which 
he trips are made, and the relations between 
vhese trips and residential characteristics such 
is the number of persons living in the area, 
s/he number of dwelling units they occupy, and 
he number of automobiles they own. At the 
“ime this article was prepared, information of 
vhis sort was available from origin-and- 
destination traffic studies! of the home- 
nterview type which had been made in 101 
urban areas since 1944. The product of 
these studies includes a great mass of data on 
she local travel habits of urban residents on an 
iverage weekday during the period of the 
survey. 

Data from these studies have already been 
analyzed and the results have been put to use 
in each of the individual urban areas surveyed. 
However, knowledge of the general or average 
pattern for groups of cities of similar size 
should be very beneficial to highway planners. 
Thus it may be possible to establish norms 
that might be helpful in anticipating the 
changes which will take place in the traffic 
patterns of a city as the pattern of living 
changes, 

The primary intent of this article, there- 
fore, is to call attention to the more significant 


| 
b 





1 Traffic planning studies in American cities, by John T. 
Lynch, Pusric Roaps, vol. 24, No. 6, Oct.-Nov.—Dee. 1945. 
The procedures used in these studies are given in greater 
detail in the Manual of Procedures for Home Interview Traffic 
Study, which is available by purchase from the Public 
Administration Service, 1313 East 60th Street, Chicago, Il. 
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year of the basic survey or the geographical 
location of the study area, 


Table 1.—Population and period of survey in 50 urban areas 


Urban area Population Period of survey 








PATS ICUS ELLE NHL kee ee oe Coe | 116, 056 | June 1949-July 1949. 
Altoona, Pa 85, 347 | July 1950-Sept. 1950. 
Appleton, Wis 39,172 | June 19538-July 1953. 
Baltimore, Md 912, 809 | Sept. 1945-Oct. 1945. 
Bay City, Mich : 69, 231 | July 1948-Oct. 1948. 
Charleston, S. C 73, 205 | Feb. 1947—Mar. 1947. 
Chester, Pa 127,408 | June 1951-Oct. 1951. 
Columbus, Ga 79,192 | Oct. 1945-Dece. 1945. 
E 533, 606 | Nov. 1950-Mar. 1951. 
130, 847 | May 1948-June 1948. 


Fargo, N. Dak.-Moorhead, Minn _- : | 49, 852 | June 1949-Aug. 1949. 
Grand Rapids, Mich | 220,977 | July 1947-Oct. 1947. 
Harrisburg, Pa 103, 303 | June 1946-Sept. 1946. 
Honolulu, Ff. H 214, 236 | Apr. 1947-Sept. 1947. 
Houston, Tex 878,629 | Mar. 1953-June 1953. 


Johnstown, Pa 87,509 | July 1949-Sept. 1949. 


Kalamazoo, Mich : 72,024 | Apr. 1946-May 1946. 
Lansing, Mich 122,776 | Sept. 1946-Nov. 1946. 
Macon, Ga | 77,665 | July 1946-Aug. 1946. 
Madison, Wis 104,074 | May 1949-June 1949. 


Muskegon, Mich i 83,724 | July 1946-Aug. 1946. 
Newark, N. J , 456, 947 | Aug. 1945-Jan. 1946. 
Norfolk, Va 335, 910 | June 1950—Aug. 1950. 
Norristown, Pa 39, 485 | June 1949-Aug. 1949. 
Philadelphia, Pa , 233, 531 | June 1947—Nov. 1947. 
Phoenix Mariza s <-> See ee ee hones Bie ons oe 161, 567 | Nov. 1946-Feb. 1947. 
Pontiac, Mich 79,431 | Apr. 1947—-May 1947, 
Portland, Oreg 453,128 | July 1946-Sept. 1946. 
RAGING) “Witsiyse ee ss See aie Pe Sk ete eet 2. == 78, 033 | Aug. 1949-Oct. 1949, 
Reading, Pa : 119, 851 | Nov. 1946-Dece. 1946. 


Rockford a Mt See. Seep Pesee sy PRAT ee. P&S cle eae 116,000 | July 1950-Aug. 1950. 
Sacramento, Calif 201, 345 | Dec. 1947-May 1948. 
Saginaw, Mich E -_| 112,902 | July 1948-Sept. 1948. 
St. Louis, Mo 974, 545 | Apr. 1945-July 1945. 
St. Paul-Minneapolis, Minn | 915, 960 | May 1949-Nov, 1949. 
Salt Lake City, Utah 196,571 | June 1946-Sept. 1946, 
San Francisco, Calif 468, 933 | July 1946-Dec. 1946. 
FSEa We UEC a | epee 8 ean iia SP ee Oe ee ee See ee eee 312,069 | June 1948-July 1948, 
Seranton, Pa : 137, 089 | June 1950-Aug. 1950. 
Seattle, Wash-_-.------ Eee : | 518, 563 | May 1946-Aug,. 1946, 


Sharon-Farrell, Pa 48, 432 | June 1949-July 1949. 
Spokane, Wash 138, 881 | July 1946-Dee. 1946. 
Tacoma, Wash $ 138,700 | June 1948—Aug, 1948, 
TMICSOnNWANIZ = =o. So 2265" e SS t eee Be BE 2 Sn Oe ae 126,900 | Mar. 1948-Apr, 1948. 
Washington D(C mes oe Sas) eee eee aoa oa ee eee , 109, 860 | May 1948-Sept, 1948. 
Wichita, Kans - 302 | Nov. 1951-Apr. 1952. 
Williamsport, Pa 55, 216 | July 1954—-Aug. 1954, 
Wilmington, Del 81,445 | Apr. 1948-July 1948. 
Wisconsin Rapids, Wis ), 504 | Sept, 1950-Oct. 1950. 
York, Pa , 350 | July 1951-Aug, 1951. 
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Figure 1.—Geographical distribution of the 50 cities included in study. 


Definitions 


The urban areas referred to in this article 
are the areas within which the basic surveys 
were conducted. They generally include the 
central city as well as any portion of the con- 
tiguous built-up area that may exist beyond 
the corporate limits. Their boundaries are 
usually delimited by an imaginary line called 
the external cordon. These areas resemble 
but do not coincide with urbanized areas as 
defined by the Bureau of the Census. In this 
article the terms urban area and city are used 
interchangeably. 

A trip is defined as a one-way movement in 
a vehicle by a resident of the urban area. 
There are no round trips but rather two or 
more one-way trips. The only trips consid- 
ered here are internal trips, so called because 
both origin and destination are within the 
boundaries of the survey area. Haternal trips 
to or from points beyond the external cordon 
are not included. The external phase of the 
basic surveys was concerned only with auto- 
mobile travel beyond the cordon and only 
automobile-driver trip information was in- 
cluded. These external automobile-driver 
trips amounted to about 5 percent of the total 
internal and external automobile-driver trips 
in the largest urban areas and about 45 per- 
cent in the smallest cities included in this 
study. 

As the term is used in these surveys, mode 
of travel depends upon (1) the type of vehicle 
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used (automobile, taxi, truck, or mass-transit 
vehicle), and (2) the status of the user (driver 
or passenger). The modes of travel recorded 
in most of the individual surveys were as fol- 
lows: automobile drivers, automobile passen- 
gers, taxl passengers, truck passengers, bus or 
streetcar passengers, railroad passengers, and 
passengers in other mass-transit vehicles. 
For purposes of analysis, some of these modes 
have been combined. 

The term purpose of trip is used in its ob- 
vious sense to explain why a person made the 
trip. However, for every internal trip re- 
corded, the survey data show not only why the 
traveler went to his destination (purpose to), 
but also why he had been at the point of 
origin (purpose from). The purposes (both 
to and from) were originally ten: work, busi- 
ness, medical-dental, school, social-recrea- 


Table 2.—Distribution by population groups 
origin and destination studies have been 
present study 


Urban area population groups 


All urbanized areas, 
1950 census 


tional, eat meal, shop, change mode of travel 
serve passenger, and home. However, a 
with modes of travel, some of the trip purpose 
have been combined. | 
Household characteristics include the num) 
bers of persons, dwelling units, automobile 
owned, and persons 5 years of age and over 
Dwelling unit is used in the sense of the Bureay 
of the Census—“In general, . a group 6) 
rooms or a single room occupied or intende 
for occupancy as separate living quarters b_ 
a family or other group of persons livin, 
together or by a person living alone.” | 
) 
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purpose tabulations had been prepared in only These 50 cities seem to provide a sufficiently Figure 1 shows the geographical distribu- 
50 cities with sufficient uniformity to permit good distribution among the population groups __ tion of the selected cities by population groups. 










































































































































































summarizing the results by city groups. studied so that the data are representative. The 50 cities accounted for 10.8 percent of the 
’ 
7 : Ser aae : : 
mn | Table 3.—Number of trips by each mode of trayel in Madison, Wis., classified according to trip purpose 
17 "~~ he ee rug Es 
. Trips to— 
Trips from— iia | 
: ; Medical- Social- Eat | Change Serve 
Work Business dental School recreation meal Shop mode of passengers Home | Total 
| | travel 
AUTOMOBILE DRIVERS 
| | | | | = Sem 
Work 22 dG SS: ee eee 8. 008 | 663 89 41 §22 | 3, 717 990, act So 1, 242 11, 214 26, 486 
AWE ee Sj ope | 623 828 10 30 301 190 468 ests oe See 210 2, 164 4, 824 
miedical-dentale = 2. 8 sak as 49 20 LO Fe a ees. cess 31 9 VE | cee eas eS 50 271 559 
ehh. <0 aie ee eee Ae y 72 20 10 119 139 290 Tit, Sadl| che aes 150 1, 092 1, 932 
Social-recreation.__....._.._____ 142 190 40 20 1, 377 258 401 10 1, 206 6, 395 10, 039 
Eat LON GIE he ely Ep heel eielee 3, 167 | Lil s WF Secor es 169 A DNs ree a aie LOU Rn aeons oe 439 791 5, 128 
Svs. 6 Baa Seer eater 27 251 29 31 598 139 1, 365 11 321 5, 333 8, 348 
Change mode of travel_._._.-.-.| =---__.-- 10 LO Mesesesee = 10 20 74 rn eae 20 148 239 
Berve passengers=-=2-..-__-.--_. 1, 924 300 70 209 926 349 620 20 1, 776 5, 827 12, 021 
IMSS <a ee 12, 648 2, 624 341 1, 331 | 5, 749 691 4, 234 99 6, 953 Pee 34, 670 
COTE SEE ee eee ee 26,903 | 5,077 609 1, 950 9, 943 5, 663 8, 359 140 12, 367 33, 235 104, 246 
= Ll 
AUTOMOBILE PASSENGERS 
| e = = 
RON Kee meen S02 Nth ga So 191 63 SOS el eee ae 203 503 196 71 [a2 eee 3, 971 5, 228 
USES eS Oke els ee ee Se ae 41 217 30 10 184 20 LBS (ses CEE ph De eee 725 1, 380 
Piceiceal-dentale «nase sen. ee sce =. eee Ae ae ae 10 pe el) ae eee o Cael ae eo eee see 303 | 458 
SGI Q0! A ee = ee | 20 52 53 82 256 188 20 |e cen yl) eee eee 871 1, 542 
Bocmlrecreatione, se.:si2!- See 92 82 10 89 3, 739 297 451 LOUGG Alle: ee eae 10, 048 | 14, 909 
UMC LS Sota ok oa lee 44] LO! Se |i eee See 267 25 Ne ne [ee eee = DOF lll pert eed oe | Ree wares Sy 690 1, 679 
Eiiteya Ais ee ee ee 29 63 10 11 535 62 708 10a ease ee 2, 673 4,101 
Change mode of travel________-- BOS RS See, eee We en a ee eee 20 10 22 104 lige aa erate © 271 363 
SAO DGS STW Es SIRS maar IY a 5 ae laa pe eee eee SSS) ey | ol gases | ah gene, Se RS ene eee | eo Sere alee He eee eee ee 
‘CROUIIG SS pee te a re ero 4, 533 901 313 2, 676 9, 384 558 2, 421 2SO EAs) eee ep pws ee ee 21, 071 
RO = = | = a 
pote Reman be Pores LSE 5, 377 1, 409 446 3, 145 14, 624 1, 638 4, 063 AT TE Vial eee See 19, 552 50, 731 
0 th 
8 a 7 a 7 
7m | STREETCAR AND Bus PASSENGERS 
Mth | : 
Qt VIS CTE SC neg ee 130 69 20 10 140 504 220 BASE. || eee 7, 429 8, 697 
* BSI CSS ae Cen en ee ene teal 30 C0) Re meee ones 20 SOP Sd eee soe 60 ie ice eke Seer 805 1, 005 
; INUCTGRRCE NEG Lesa) ct Us Met ce Sp ee eee en ee a LO!) > Apteyys. Sets 10 ZO eee eee Ps ke ZO atin, Se es 300 360 
SCG i a ie eee 161 40 20 90 180 553 201 Gide 0 |) ate eee 5, 213 6, 518 
pocial-recreation® 2265 .2-25.-=4. 20 41 20 20 159 40 70 41 es, ee | 3, 258 3, 669 
LeU ie Le ee es ee ee ee 434 DO palit nace 454 40 aM eset Ct So 20) 0 || 9 eee nee oe | 363 1, 331 
PSKLOL) meee eee Pete Nee 40 49 10 50 1G Lea (8 oe / 150 Oa ae cds 2, 522 2, 992 
Change mode of travel__________ 110 1 wel gota shee 59 70 10 59 AQ aril Ae ae 161 519 
URVOE) ASCOLLS CRS emma ae eeee o i mee elle et ee uh ee cece | eee eck ve Seo ae et at say Ol Proc tobe oe ipl nee eee eee 
} ENOTES eee eae ee 8, 153 1,118 382 5, 556 3, 238 361 1, 730 LON Nee CO See 20, 748 
ae ‘si : : a —s 
J A OU oper eens See ert ee | 9, 078 1,417 452 6, 269 4, 008 1, 468 2, 500 596 Peas 20, 051 | 45, 839 
: | 
Nf TAX{ PASSENGERS 
| | oa i | a = 
IMM VIOT Co. 2 5-2 bee 41 20 DO Meee eens Se aera 30 10 a Se Ce oe |) ee 413 574 
bie BESTIGHOSS © Spon 254,08 aoe pe ete 10 SRO i Spee was 10 20 LO et [tue mee eee ee See ee 149 | 209 
Medical-dental____..-_--_------ LONE a ere ee eee eee Sse ares 10 eee || Weer, Whee? 2 eee’ || | 131 151 
ve SENOS ee eS ee ence Ve aes ee eee 10 vl ZO a ease ee lb (a335- 650.) \|) eae 121 162 
mocial-recreation._ S25. => = 21 TAR peepee ace” 0 ee ee oot 79 2A) seer A ae ee oe ee eee Sk «ES 481 612 
rth PeaMeal ler. eee ees 71S, cle (ages ee ee ee | ee 58 ee > 105 0s |e toa eee LOE ee 2S | ee cee 40 | 80 
{ oO) 6) oan eee ee oe ee 0) ae Ny ras eee ee oe ee ee ee ore A(\ie W]e peer soem ne = a 90 160 
) Change mode of travel_____-__--_- AGH Sol). oh eE ee: OLIN Paper nae | agi om aa ae PO)! A Gall ae A weal! ene lh hee ale ae ||| rn 110 | 140 
fl eeHy Gy DaSSOL Cloak eae nme eee | ree Soo eet (Pome A ieee es 2 eee a Soke eon ih ese See ll Ae ee ae eh an | rn |) Gademe 
' RU OMCs. oo. Pelee sae 804 139 110 239 500 60 102 SUNN Se cokes) Gill aia nae a oe 2, 043 
F RULE Wi Cael Seen eee ene 946 180 160 259 680 120 162 fo LS oe Cae ee 1, 535 4,131 
TRUCK PASSENGERS 
UW Oty Se Be ae eet 2 alee | eee || ee ree ae ge ye tome ee ee Se Mg ee eh) oe. eee eee es cathe 31 123 
BA ES ee ee oe ee ee ee eee are 4 | eee ee nl pO ee I ol see Ih Sodaeacco NO) sceccseasey |f sees ly eee ee 
DN a BN EORTC ca See a cal as ea RE ce See | NS OR er | a ee | |e al |e er ors On Mine cea i eee 
Nt SECON A wot Bk aD i Le BS Oe Tp | ee ene em ee pay ANN) Seaeptnes Sg tliae fa RS eg ee Sam teeefebd 2 ge lee Ce eh eer se Oe, ae ee ad 3 FA 
W BOGE NECT ONL Olam eet ce errant 0 ee eee ee ers eee ens eee Ne Soy Sse ere ses | Vain ee ee PeOR ee SeS NM ont eadee 10 10 
BASH TESTE Ya te cae Be ae Sal (ey a 4h Serge gine iar 8 anaes eee oe ee -5 Hee can] | eg ene eee ee eee ie eer bh stele ee 
{h SOD. tafe ce ol seca eel Oa eee Sek 2 | SEBS ae oe coe Wi ae es ee dll pare aed em el lg or eee em |) eee en ee ey | ee 
SPOOL O CLO LOs pO tiv.) eeeeceee eee atone ee ee Seer ee cee ke 2 A ee ae cae eS SN geet See |S Peer ie ae hs Se ee te eee oe fs Se 
SOR ONDASSOLG ClSe eae eee eee eee ee ie eae ee |e es eS Be er OOP ase Slay | eee So SW, See ane Sere Nae ease Se | | eee arte 
et CONES 2S RAR Aes aero poleye yi | eters 5 Jase pans Senee Nae ee ee ee LOS = a Oe terre ere eT Bene ee em ees eee || 21 
i SS ae ae ccs a eee ar Sere Es CRS BGs 16: i eee DER OG ae i 41 154 
] | 
: a 2 = aed 
ALL MopeEs OF TRAVEL 
cl NAN st Spe 2 Se satel Reef ee Oe 8, 462 815 189 51 895 4,734 1, 416 246 1, 242 23, 058 41, 108 
, BSUISINGSS © et Seto ee 704 Heat a9 40 70 535 220 671 10 210 3, 843 7, 418 
iF Biledical-dental.2 2252-5 59 51 10 20 113 9 191 20 | 50 1, 005 | 1, 528 
i ‘SiO Le ES ee eae eeo ne 253 112 83 301 586 1, 051 261 60 150 7, 297 10, 154 
pocial-recreation. __-=-_----_==-- 275 324 70 129 5, 354 615 922 152 1, 206 20, 192 29, 239 
{ eierieg) Sf ee ee 4, 062 201 = 890 BOL ls Baal Loe ieee 2 | 439 1, 884 | 8, 218 
j Ship, 5 a aaa ed 369 363 49 2 1, 264 201 2, 263 61 | 321 10, 618 | 15, 601 
| Change mode of travel__________ 150 20 10 59 120 40 102 50 20 _ 690 | 
F Serve passengers__....__._.--__- 1, 924 300 70 209 926 349 620 20 | 1, 776 5, 827 we 
, LEVYS. Ss Sas a ee eee 26, 149 4, 782 1, 146 9, 802 18, 881 1, 670 8, 487 683 6, 953 _ ee | : 
TOs gt eR te 42, 407 | 8,083 1, 667 11, 623 29, 265 8, 889 15, 084 1302 | 12/367 74,414 | 205, 
1 a 
\ PUBLIC ROADS ® Vol. 30, No. 5 107 


Table 4.—Number and percentage of trips by each mode of travel in 50 cities, classified according to trip purpose 





Trip purpose 
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| | 

Mode of travel Work and business Social and recreation Shop Miscellaneous Home Total | 

. : | 

Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent | 

Automobile drivers __----- eee 3, 679, 848 1352" | 1, 079, 942 3.9 910, 831 Bao 1, 524, 373 6.5 4,187, 918 15.1 1, 382, 912 | 41.0 a 

Automobile and taxi pas- : | Auto 
Sengers.5<__ 254s eas 1, 065, 361 3.9 1, 520, 382 Ono) 488, 798 1.6 486, 546 EY: 2, 634, 629 9. 5 6, 195, 716 Qee2 {at 
Mass-transit passengers___---- 3, 014, 108 10.8 736, 487 D6 690, 435 2.6 1, 270, 461 4.6 4, 487, 541 16.2 10, 199, 027 36.8 | Ns 
WHyGal Seale ree eee 7, 759, 312 29 3, 336, 811 12.0 2, 090, 064 (ei) 3, 281, 380 11.8 11, 310, 088 40.8 27, 777, 655 100. 0 y 








total United States population in 1950, and 
16.8 percent of the urban population. As 
table 2 indicates, the distribution of the 50 
cities by population groups among the 157 
urbanized areas of the 1950 census is only fair, 
but it follows very closely the group distribu- 
tion of the 101 cities from which origin-desti- 
nation traffic survey data were available. 

The present analyses have been limited to 
two questions: how and why residents make 
their trips within an urban area. It does not 
consider two other important questions which 
relate to the origin and destination of trips 
within the area. Although these data are 
available for each city, records of trips from 
place to place within a city cannot justifiably 
be combined for more than one city at a time, 
because it is difficult to relate areas when so 
little is known about their land-use character- 
istics. 

The process of summarizing data to discover 
travel patterns, related to purpose of trip and 
mode of travel, began with the cities where 
the surveys were made. In each of the 50 
cities the procedures recommended in the 
Manual of Procedures for Home Interview 
Traffic Sludy were generally followed, and 
tables were compiled in which trips were clas- 
sified uniformly by mode of travel and pur- 


MASS-TRANSIT 
PASSENGERS 
36.8% 


AUTO AND TAX! 
PASSENGERS 
22.2% 


AUTOMOBILE 
DRIVERS 
41.0% 

















pose of trip. One tabulation was prepared 
for each mode of travel, showing the number 
of trips from each purpose to each purpose. 
However, the number of travel modes re- 
ported in different cities varied; trips by train 
passengers were reported only in 2 cities and 
trips by “other’’ passengers were reported 
only in 5 cities. A typical example of the 
basic tabulations for an individual city is pre- 
sented in table 3. 

In the course of assembling and combining 
the data from different cities it became evi- 
dent that certain less significant trip purposes 
and travel modes might advantageously be 
combined. On the average, the 5 least im- 
portant trip purposes accounted for less than 
12 percent of the total number of trips, and 
not one of these purposes accounted for as 
much as 4 percent. These categories were 
combined to form a miscellaneous group. 

Minor trip purposes and the percentages of 
trips accounted for by each were as follows: 
to serve passenger, 3.4 percent, change mode 
of travel, 3.3 percent, school, 2.3 percent, eat 
meal, 1.7 percent, and medical-dental, 1.1 
percent. 

In addition, since business trips amounted 
to less than 5 percent of all internal trips and 
were often difficult to dissociate from work 


















trips, the two were combined as work an¢ 
business trips. Thus, the five major trip pur 
poses were work and business, social-recrea 
tional, shopping, miscellaneous, and home. 

An examination of the data for the 7 mode; 
of travel indicated that 4 modes accounted fo; 
less than 2 percent of all trips, and not 1 o 
the 4 modes accounted for as much as | per 
cent of the trips. The least important trave 
modes were as follows: taxi passengers, 0.§ 
percent, train passengers, 0.7 percent, truck 
passengers, 0.2 percent, and other passengers, 
0.2 percent. 

Since these travel modes represented such 
small proportions of the total, they were com- 
bined with other modes of similar charac- 
teristics. Taxi and truck passengers were 
combined with automobile passengers, whereas 
passengers using trains or other interurban 
facilities such as subways, ferries, or highway 
buses were combined with streetcar and bus 
passengers. Thus, three major modes of 
travel appeared to be sufficiently representa- 
tive: automobile drivers, automobile and taxi 
passengers, and mass-transit passengers. 

Although the trip purposes and travel modes 
that have lost their identity through sum- 
marization are relatively insignificant in the 
total travel pattern, they may be important 
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MODE OF TRAVEL — PERCENT 
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Figure 2.—Percentage distribution of trips according to purpose, and further classified by mode of travel. 
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Table 5.—Number and percentage of trips by each mode of travel in six population groups, classified according to trip purpose 


Trip purpose 
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Table 6.—Percentage of trips for each trip purpose in six population groups, classified 


‘cities. Further comments are given in the according to mode of travel 
appendix on page 120. 
»P pag Mode of travel 
vee! Number a 
Summary for 50 Cities Purpose of trip Population group of cities | Auto- Auto- Mass- : 
mobile mobile transit Total 
drivers | and taxi |passengers 
. 5 . mger 
All of the internal trips by residents of the e oes oS My 
50 urban areas have been combined in table 4 eo ee 2: i rr Dé “~ ye lant 
and classified according to the 5 purposes and Social and recreation.______-.----------- 28.2 39.4 82.4 100.0 
3 modes of travel. Of the total trips number- on caine? cea amen 1,000,000.and over. ---- g 28. 6 10.4 61.0 100.0 
i als +o ’ ; Honcwaae Sia 29. 4 19.4 51.2 100.0 
ine almost 28 million, trips by automobile ipeiarer ee ek eee eel We Fee | aed 
drivers accounted for the largest share and oe ; ie ne ae 
: : Work an SINGSS aes aeeer a. Gee errno 6.6 2.2 2 b 
were followed in order by mass-transit pas- Sathorn ye 44.9 20.6 | 100.0 
sengers and automobile and taxi passengers. BOD ores o- Sp penceg ooo panes 500,000-1,000,000.-.-.-- 6 ae ea Tai erie 
Homeward-bound trips predominated among Home See <.. SS Ree Ys Ree 38.7 21.3 40.0 100.0 
. . : AIS DIL DOSES eee ee EE 42.7 O12, 36. 1 100. 0 
the five major trip purposes; work and business 
i Wink ands pUSINeSS see = aeeee eee ae 48.7 14.7 36. 6 100. 0 
trips ranked second, and were followed by Sociallandireereationmaee = 30.7 47.0 22.3 100.0 
social-recreational, miscellaneous, and shop- Shope =... See Bee gant ee PR rads 43.1 25.7 31.2 100.0 
: cee, : j Miscellaneous. She wee boc. OOO) ea : 48.0 17.8 34.2 | 100.0 
ping trips in that order. TL OUGS eae I C8 Mle 3 36.5 25.8 37.7 100.0 
: ee enn re) ot | utes All purposes: ae or ae ae eee 40.9 24.8 34.3 100.0 
Although automobile drivers represented ee 
i ss- i Wionksandubusinessmessenem= mee a = 59.9 17.8 2208 100.0 
the predominant , travel mode, PASS: eae Soclalvandmecreation=. = -_ Seana 34. 5 aL 6 | oe ieee 
a amen (| Rebs eacis aes “Ss F-||100,000-290, 000... % |) o9 | in7 | 164 | 100.0 
largest mode-purpose category, accounting on. ee ee 44.7 99,8 25.5 100.0 
for nearly one-sixth of all trips. _Homeward- All purposes. .---------------------- 50. 1 28. 4 21.5 190.0 
bound automobile drivers followed closely Work: and business. -7--------------- ae ee wey a 
with 15 percent of all trips; automobile drivers | Shop scone ggg 00-100 000 > |) 1 | ar7 | 222 | I090.0 
i ips : 2 IMiscellaneouse ess cca ee ae oe DEA AAR Ht hese tet at 70.6 14.9 14.5 100.0 
on work and business trips, 13 percent; mass Mate Be US Sogn pat ne hee 26.0 ae 
transit passenger trips to work and business, INI SORIANO eae oo Boley eee 49.5 27.9 22.6 | 100.0 
11 percent; and automobile and taxi passen- Work and business__-.-..-------------- 67.4 16 se) tes 100.0 
gers on their way home, 9 percent. The he and recreation. _---.------------- on ae Py oot | Means 
remaining individual mode-purpose categories Miscellaneous. m nen I ees ene) 00S) ° ne ee ee fe 
IE OMO Se Ree se See eee ee ees eee F oe 5. ? 
accounted for 5 percent or less of the total Wace poscst Sa 55.8 31.4 128 | 100.0 
| | 
trips. Work and! business==2es-o--a-2------4-- 47.4 13.7 a 9 ica 
These percentage distributions of the total ee enn tenn nmnns-=- =e | Ee aaNet es 
trips by purpose and mode of travel are also Miscellaneous os bRinsenay et No tai ee 46.5 14.8 38.7, | 100.0 
. . FLOM Cece soon seen eee eo eee ee ie 23. Mi ; 
shown in figure 2. In this chart the area of Ail roan aeneie saeeteneaas 41.0 22.2 36.8 | 100.0 
each rectangle and the percentage shown 
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therein represent the relation of the number of 
trips in each mode-purpose category to the 
total number of trips. Upon examining the 
horizontal bars for each mode of travel, it is 
seen at a glance that a larger proportion 
of automobile drivers were on work and busi- 
ness trips than mass-transit passengers, but 
relatively more transit passengers were going 
home. Also, proportionately more 
automobile and taxi passengers were on social 
and recreational trips than was the case with 
either of the other two modes of travel. 
This chart, of course, is not typical of any 
particular city, but represents all of the trips 
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Figure 3.—Percentage distribution of trips according to purpose, and further classified by mode of travel 
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made in the 50 urban areas by residents of 
these areas on a typical weekday during the 
various periods studied. 


Distribution of Trips by Population 
Groups 


In table 5 the trips are shown by population 
groups of the urban areas in which they were 
made. Almost 10 million trips are accounted 
for in the 1 million and over population group 
and nearly 375,000 trips in the smallest group, 
which is for cities of less than 50,000 popula- 
tion. The number of trips in the various 
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purpose-mode cells ranged from less tha 
4,000 to more than 2 million. 


Purpose distribution 





A pattern of uniformity for trip purposes 
among all population groups is observed i 
table 5. Generally, there was no pronouncec 
trend in the purpose distribution of trip 
from one population group to another 
Exceptions to this observation were ar 
increase in the proportion of social anc 
recreational trips and a slight reduction in the 
percentage of work and business trips, a; 
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| sopulation decreases, but these trends did 
ot hold for the individual modes of travel. 

_ The slight effect that city size apparently 
as cn the percentage distribution of trips by 
vurpose is portrayed in figure 3. For each of 
jhe six population groups and for each mode 
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of travel, home trips were the most common, 

accounting for about two-fifths of the trips in 

all categories. This is not unexpected since 

home is the return trip destination of the 

great majority of trips. Work and business 

trips ranked second in all population groups, 
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totaling about 28 percent of the trips for all 
purposes. 

In the largest population group, trips for 
miscellaneous purposes ranked third, social 
and shopping 


trips last. This same ranking held for auto- 
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Figure 4.—Percentage distribution of trips according to mode of travel, and further classified by purpose and population group. 
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Table 7.—Range in percentage of trips for each trip purpose by each mode of trayel in six 
population groups 


Percentage range, by mode of travel, in trips made for purposes of— 





Mode of travel 
Work and 
business 


Miscel- 
laneous 


All pur- 
poses 


Social and Shop Home 


recreation 








Automobile drivers: 
Maximum 
Minimum 
Automobile and taxi passengers: 


Mass-transit passengers: 


Minimum 








mobile-driver trips in each of the population 
groups. Although not shown in the tables of 
this article, a study of the basic data revealed 
that the relative importance of miscellaneous 
trips was largely due to the number of auto- 
mobile drivers who traveled for the purpose 
of serving passengers. Also in the larger 
cities a number of change-mode-of-travel 
trips by mass-transit passengers were classified 
as miscellaneous. In the other population 
groups, considering all modes of travel, 
social and recreational trips ranked third, 
ahead of trips for miscellaneous purposes. 

Among the automobile- and taxi-passenger 
trips, those for social and recreational purposes 
ranked second, above work and business trips, 
and accounted for one-fourth of all trips by 
this mode. Of the three principal modes, 
automobile and taxi passengers showed the 
greatest variation among the different popu- 
lation groups in trips to work and business 


Table 8.—Average number of trips per city 

















and for social-recreational purposes, but the 
least variation in home trips. 

Home was the most frequent objective of 
mass-transit passengers in all population 
groups. Work and _ business trips ranked 
second. For reasons which have been men- 
tioned, miscellaneous trips were relatively 
important among transit passengers in the 
largest cities, but in all other population 
groups social-recreational and shopping trips 
were about as important as trips for miscel- 
laneous purposes. 


Mode distribution 


The percentage distribution of trips by 
mode of travel in the six population groups, 
shown in table 6, indicates that as the size of 
city increases the proportion of mass-transit 
trips generally increases with a corresponding 
decrease in automobile trips. With some 


in each population group classified according 


to trip purpose by each mode of travel 


Number of 


Average number (in thousands) of trips per city made for purposes of— 





Population group cities 
Work and 
| business 
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Miscel- 
laneous 


Social and Home Total 


recreation 


Shop 





AUTOMOBILE DRIVERS 





1,000,000 and over 286 
500,000-1,000,000 5 185 
250,000-500,000 78 
100,000-250,000 44 
50,000-100,000 20 
Less than 50,000 12 

All groups 74 


75 50 
52 49 
24 20 
14 14 


oO 


‘i 4 
2% 18 








AUTOMOBILE AND TAXI PASSENGERS 





1,000,000 and over 86 
500,000-1,000,000 ) 48 
250,000-500,000 ‘ 24 
100,000-250,000 13 
50,000-100,000 7 
Less than 50,000 3 

All groups 21 


105 29 

67 24 
37 12 
22 2 
10 

8 
30 








MAss-TRANSIT PASSENGERS 





1,000,000 and over 350 
500,000—1,000,000 164 
250,000-500,000 ¢ 59 
100,000-250,000 17 
50,000-100,000 9 
Less than 50,000 f 3 

All groups 60 
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17 
6 
3 

] 
15 
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250,000-500,000 
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minor exceptions, this trend occurred amor 
trips in each purpose category. 

The mode-of-travel pattern by populatic 
groups is shown in figure 4. For all purpos 
combined, the proportion of trips by mas 
transit passengers ranged from 50 percent j 
the cities with over 1 million population to ] 
percent in the less than 50,000 populatio 
group. On the other hand, trips by aut 
mobile drivers ranged from 32 to 56 percen 
and automobile and taxi passengers, from 1] 
to 31 percent. On the basis of individu: 
trip purposes, the ranges among populatio 
groups were much greater in some cases, £ 
seen in table 7. 

It is evident from figure 4 that the private] 
owned automobile, considering both drive: 
and passengers, was the predominant choic 
for trips to all purposes in cities of less than 
million population. Automobile travel wa 
also greatly preferred for social and recrez 
tional trips by residents of cities in the 
million or more population group. 


Ss 















Average trips per city 


Table 8 contains the number of interne 
trips made by residents by each mode of trave 
and for each trip purpose in the average cit 
within each population group. Although th 
figures are pure arithmetic means of the tota 
trips made in the cities within each popula 
tion group, the volumes are indicative of wha 
might be expected in other cities of simila 
size. Of special note is the regularly increas 
ing volume of trips for each trip purpose fron_ 
the smallest to the largest population grou} 
for each mode of travel. 

However, there appears to be a near maxi 
mum volume of automobile-driver trips fo 
shopping purposes when cities reach th 
500,000-1,000,000 population size. In citie , 
of 1 million population and over, trips made b} 
automobile drivers for shopping purpose: 
exceeded those in the 500,000-1,000,00( 
population group by less than 2 percent 
This is reflected in table 6 which shows thai 
automobile drivers made only 82 percent of the 
shopping trips in the largest cities as comparec 
with 46 percent in the next smaller popula. | 
tion group. This difference may be explainec 
partly by the inability of the downtowr 
shopping districts of very large cities tc 
accommodate automobile drivers and partly 
by the increased availability of transit facili-_ 
ties and taxicabs, particularly around the 
densely populated areas in the vicinity of the 
central business district. 





Distribution of Trips by Individual | 
; Cities 


The number of trips by residents according 
to purpose in each of the 50 urban areas are 
presented in tables 9 and 10 for automobile 
drivers, autemobile and taxi passengers, mass- 
transit passengers, and for all modes of travel. 
In these tables the cities are listed in descend- 
ing order of population size at the time of the | 


greater volume of trips in the more populous | 
urban areas agrees with the same relationship 
already mentioned in the discussion of popula- 
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sion groups, but in the case of individual cities 
| several exceptions are apparent. The more 
»bvious exceptions are readily noticed. 
| The residents of San Juan made far fewer 
yutomobile-driver and automobile- and taxi- 
gassenger trips than persons living in main- 
| and cities of the same size. This relatively 
small number of trips existed throughout all 
the major purposes, but applied particularly 
so shopping trips. The abnormally high 
‘aumber of trips made in Philadelphia for mis- 
sellaneous purposes may be related to the 
_arge number of mass-transit passenger trips 
for the intermediate purpose of changing 
mode of travel. In the St. Paul-Minneapolis 
rea, an unusually large number of trips for 
| social and recreational purposes were made by 
‘automobile. 

The high volume of mass-transit passenger 
trips in Philadelphia, St. Louis, and Honolulu 


See 


is noteworthy, and conversely the relatively 
small number of automobile-driver and auto- 
mobile- and taxi-passenger trips in the same 
cities. In Houston there was an exceptionally 
large volume of trips by modes other than 
mass transit, particularly for shopping and 
miscellaneous purposes. A large number of 
automobile trips for all purposes is noted in 
Grand Rapids and Wichita. However, the 
relative stability of work and business trips 
and homeward-bound trips is significant 
throughout all cities. 


Purpose distribution 


The percentages of trips for each purpose 
in each of the 50 urban areas are presented in 
figure 5. Although generally displaying a 
pattern of uniformity in the percentage dis- 
tribution of trip purposes within each city, 
this chart reveals several proportional trip 


according to trip purpose 


variations which are not readily apparent in 
the tables of absolute trip volumes. 

The large percentage of trips for miscel- 
laneous purposes in Philadelphia again reflects 
the volume of trips made by mass-transit 
passengers for the purpose of changing mode 
of travel. In Wisconsin Rapids the high per- 
centage of miscellaneous trips may be ex- 
plained by the fact that over 90 percent of the 
miscellaneous transit trips in this small Wis- 
consin city were to schoo]. Madison, Wis., a 
university city, also had a relatively large 
proportion of trips to schoo]. The percentage 
of work and business trips is especially high 
in St. Louis, particularly among automcbile 
and taxi passengers. This is undoubtedly due 
in part to the time of the survey which was 
begun just before the end of World War II. 
There are other extremes of more or less 
importance, such as the relatively small pro- 


Table 9.—Number of trips by automobile drivers and automobile and taxi passengers in each of 50 cities in six population groups, classified 
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Number of automobile-driver trips made for purposes of— Number of automobile- and taxi-passenger trips made for 
purposes of— 
City Population 
group 
Work and | Social and Shop Miscel- Home Total | Work and | Socisland Shop Miscel- Home Total 
business | recreation laneous business | recreation laneous 
Philadelphia, Pa_.------- 301, 490 69, 502 32, 648 72, 655 253, 419 729, 714 76, 711 94, 494 23, 336 45, 475 180, 142 420, 158 
San Francisco, Calif__---- 423, 673 1138, 942 86, 146 208, 899 388, 421 | 1, 221, 081 TAT LT 163, 363 47, 283 51, 975 260, 284 640, 622 
IN@WaLEs Ns J S2o-- 2c = 1,000,000 and 223, 839 56, 575 36, 654 47,579 278, 601 643, 248 65, 513 66, 022 21, 021 20, 164 154, 154 326, 874 
Washington, D. C-_.._---- over. 194, 301 60, 873 45, 886 85, 263 145, 210 631, 533 84, 072 96, 660 25, 047 33, 706 174, 892 414, 377 
Otel 2ecnens ose 1, 148, 303 300, 892 201, 334 414, 396 | 1,165,651 | 3, 225, 576 344. 013 420, 539 116, 687 151, 320 769, 472 |1, 802, 031 
Spewouis, IVio= S.- 5.2 a. = 167, 001 31, 195 21, 747 18, 806 216, 635 455, 384 30, 253 12, 054 4, 526 2, 931 45, 719 95, 483 
Bie Paul- Minneapolis, 249, 043 85, 221 53, 954 109, 868 285, 156 783, 242 56, 491 128, 090 31, 694 22, 648 178, 663 417, 586 
Minn. 
Baltimore, Md----------- 500,000- 138, 682 30, 395 21. 055 22, 263 136, 185 348, 580 44, 871 35, 016 13, 278 18, 835 91, 386 203, 386 
oeUston, UeXos 22-5 =e 1.000 000 283, 079 82, 573 114, 278 161, 984 388, 703 | 1, 030, 617 83, 945 112, 089 60, 187 69, 110 242, 110 567, 441 
Wading. Vox sss os eee LY ee 148, 116 45, 630 61, 217 89, 696 208, 231 552, 890 40, 814 68, 188 22, 573 33, 700 115, 969 281, 244 
Reattle, Washo. 2... 124, 257 34, 461 24, 318 35, 910 135, 261 354, 207 33, 336 46, 603 12, 901 9, 224 79,670 | 181, 734 
NSS iol Ee ee eee aees 1, 110, 178 309, 475 296, 569 438, 527 | 1,470,171 | 3, 524, 920 289, 710 402, 040 145, 159 156, 448 753, 517 |1, 746, 874 
Portland, Oreg..--------- 143, 170 41, 536 37, 772 55, 454 140, 772 418, 704 34, 619 69, 522 20, 424 9, 722 89. 206 223, 493 
OTOL, V8. - oon sscoee et 80, 240 26, 500 19, 080 24, 220 92, 710 242, 750 30, 960 31, 990 12, 940 18, 180 70, 360 164, 430 
Baan, Py Ree eno 250,000-500,000 10, 948 4, 098 1, 389 5, 004 9, 384 30, 823 5, 305 8, 639 1,411 3, 564 12, 630 31, 539 
iL Otal stesoaema estos 234, 358 72, 134 58, 241 84, 678 242, 866 692, 277 70, 884 110, 151 34, 775 31, 456 172, 196 419, 462 
Wichita, Kans 222.2222. 109, 142 26, 936 37, 051 67, 088 131, 879 372, 096 41, 478 32, 520 19, 857 Zl, 355 84,004 | 199, 214 
Grand Rapids, Mich----- 89, 493 34, 859 34, 889 39, 578 411, 094 309, 913 22, 531 57, 674 18, 282 9,177 77, 351 185, 015 
EIGER Gt bee 40, 100 29, 282 14, 118 27, $95 63, 209 174, 704 16,335 43, 022 9, 644 11, 707 64, 443 144, 151 
Sacramento, Calif__.__-_- 67, 802 16, 968 21, 702 38, 760 69, 840 215, 072 18, 328 21, 922 10, 078 6, 801 41, 130 98, 259 
Salt Lake City, With s= 44, 212 15, 343 8, 499 13, 073 51, 126 132, 253 15, 728 23, 765 5, 590 3, 173 37, 338 85, 594 
Wilmington, Del-_.------- 37, 525 11, 243 7, 275 15, 877 38, 561 110, 481 15, 446 17, 014 3, 815 6, 384 33, 029 75, 688 
Pboenix. ATiZzve ois too 62, 481 21, 784 32, 252 42, 374 78, 069 236, 960 17, 834 31, 533 16, 397 12, 997 49, 599 128, 360 
wPacoma,, Wash. ---11_-2- 37, 948 11, 381 8, 118 14, 595 40, 429 11%, 471 8, 843 13, 892 3, 986 3, 294 21, 744 51, 759 
Spokane, Wash----__----- 32, 262 9, 028 5. 964 7, 748 42. 510 97, 512 8, 706 10, 201 3, 974 3, 070 22, 087 48, 038 
SAE DULLLOL gl Bt ee el Be eae 17, 326 5, 278 2, 817 4, 422 21, 926 51, 769 | 5, 795 10, 249 3, 430 962 18, 151 38, 587 
Duluth, Minn., Superior, 34; 449 10, 559 7, 424 13, 089 31, 458 96, 979 | 9, 230 23, 006 5, 183 2, 582 26, 015 66, 016 
Wis 100,000-250,000 
Chester, 1 3 ok es ae es 15, 279 4, 860 4, 023 4, 843 21, 601 | 50, 606 | 6. 694 6, 057 3, 029 1, 243 15, 022 32, 045 
soneson vA Tiz 2 Bess. tL: 45, 830 14, 340 17, 110 23, 720 SoLOLO 154, 510 11, 565 20, 942 9, 387 8, 144 3l, 832 81, 870 
Lansing, IR] etee ee Se 46, 857 12, 212 14, 461 23, 259 46, 800 143, 589 10, 893 19, 009 5, 421 5, 192 25, 683 66, 168 
Reading) Pao a... -2 secs 24, 896 4,177 2, 818 7, 993 21, 022 60, 906 6, 579 4, 229 1, 676 2, 002 11, 928 26, 414 
Albuquerque, N. Mex---- 38, 940 | 14, 575 10, 769 19, 888 45, 287 129, 459 11, 258 27, 045 4, 753 4, 085 33, 137 80, 278 
POC KIOUU, Gal sae ts. e ee oe 47, 261 17, 582 11, 832 13, 891 65, 040 155, 716 | 12, 988 | 22, 768 8, 353 2,179 37. 307 83, 595 
Bacmaw. Micho-= 2.20.22 40, 051 10, 614 16, 068 25, 296 50, 860 142, &89 11,176 18, 900 7, 311 4, 539 30, 063 71, 989 
PUR CISON ss WiiS= ae en ee 31, 980 9, 943 8, 359 20, 729 30, 200 104, 246 8, 015 15, 314 + 4,225 6, 334 21, 128 55, O16 
idermisburg,. Pa. -..1-...2 25, 130 6, 057 5,121 9, 474 25, 130 70, 912 6, 222 9, 757 2, 405 1, 527 15, 804 35, 715 
ROU sexe ead ec 888, 964 287, 031 270. 770 433, 692 | 1, 042, 586 | 2, 923, 043 264, 644 428, 819 146, 796 116, 747 696, 795 |1, 653, 801 
onNStOWwn Pa. esc. 13, 488 4, 356 4, 944 3, 984 13, 956 40, 728 3, 061 6, 183 2, 415 1, 166 9, 639 22, 464 
BALOONA has secs- tee 16, 224 6, 296 5, 425 6, 186 20, 940 55, 069 3, 936 9, 054 3, 612 856 13, 811 31, 169 
Muskegon, Mich _______- 24, 158 12, 721 6, 969 11, 359 32, 209 87, 416 8, 898 21, 526 3, 975 2, 109 25, 787 62, 295 
irontiac, Mich... 22, 089 5, 809 5, 582 13, 195 27, 648 74, 323 9, 680 9, 669 3, 162 2, 603 19, 326 44, 450 
Wolnmbus, Gan 2 - +25. 17, 602 5, 507 5, 882 ae: 25, 658 61, 861 8.377 4, 227 1, 928 2, 929 13, 393 30, 854 
Boucimo, Wists 222.2 so. 25, 117 8, 384 7, 303 16, 775 27. 210 84, 789 5, 642 11, 721 3, 385 3, 366 15, 862 39, 976 
Byiiieon;, Gass oon} os 50,000-100.000 17, 645 1, 953 2, 549 6, 137 21, 233 49, 517 8, 413 3, 711 2,214 1,477 14, 275 30, 090 
Aid ceo 5 ee eee Ses : ; 33, 651 7,777 5, 381 13, 841 26, 755 87, 405 9, 377 | 9, 080 3, 477 2, 264 16, 999 41, 197 
Charleston, S02 us 13. 227 5, 957 3, 718 4, 222 18, 720 45, 844 6, 208 8, 662 2, 435 1% O71 15, 493 33, 864 
Kalamazoo, Mich_-_------ 24, 162 10, 237 5, 329 10, 141 29, 911 79, 780 6, 424 11, 464 3, 223 2, 757 17, 568 41, 436 
Bay Gity, Mich =... 20 21, 430 13, 660 9, 085 16, 461 32, 834 93, 470 6, 313 18, 884 4,132 3, 169 22, 988 55, 486 
Williamsport, Pa-_------. 13, 772 5, 304 2, 908 8, 198 17, 890 48, 072 3, 362 5, 902 2, O83 1, 088 10, 140 22, 575 
EG talee seems tee 242, 565 87, 961 65, 073 117, 711 294,964 | 808, 274 79, 696 120, 083 35, 941 24, 855 195,281 | 455, 856 
Fargo, N. Dak., Moor- ’ 22, 435 7, 795 3, 996 12, 797 22, 502 69, 525 6, 286 18, 315 2, 286 1, 747 | 17, 950 46, 584 
head, Minn, 
Sharon-Farrell, Pa___---- 12, 103 5, 267 4, 848 7, 209 15, 508 44,935 3, 174 8, 364 2, 306 698 10, 916 25, 458 
Norristown, Pa.....-_---- Less than 7, 097 3.168 1, 754 3,310 11, 949 27, 308 3. 046 2, 927 886 801 6, 464 14, 124 
{Wooden iWisaeelienen © 50,000. 13, 309 4,277 6, 058 7, 929 14, 945 46, 518 2, 506 6, 895 3, 056 1, 154 8, 631 22, 242 
isconsin Rapids, Wis--- 5, 536 1, 912 2, 188 4,124 6, 776 20, 536 1, 402 2, 249 906 1, 320 3, 407 9, 284 
OUR eck eee USE OE ae 60, 480 22, 449 18, 844 35, 369 71, 680 208, 822 16, 414 38, 750 | 9, 440 5, 720 47,368 | 117,692 
Grand) total jaes-san-- All groups. - -- "3, 679, 848 679, 848 | 1,079, 942 910, 831 | 1, 524,373 | 4,187,918 |11, 382,912 | 1,065,361 | 1,520,382 | 488, 798 | 486, 546 | 2, 634, 629 |6, 195, 716 
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portion of work and business trips in Honolulu, 
Muskegon, and Bay City, which, in a sense, 
are somewhat offset by social and recreational 
trips. However, in spite of these variations 
among individual cities, the overall effect is to 
reemphasize the essentially uniform pattern 
of trip purposes among the population groups. 

Though not shown in this article, similar 
data also were developed for each separate 
mode of travel. In most cities the combina- 
tion of work-business and home trips ac- 
counted for about 70 percent of all automo- 
bile-driver trips as well as mass-transit pas- 
senger trips, with social-recreational and 
shopping trips each accounting for another 7 
to 10 percent. On the other hand, trips by 
automobile and taxi passengers were more 
frequently made for a social or recreational 
purpose rather than work or business. Social 
and recreational trips generally amounted to 


one-fourth of the total trips by passengers in 
automobiles and taxis. 

Among automobile drivers, trips to home 
comprised the major portion of the travel in 
41 cities. Work and business trips ranked 
second in these cities and were foremost in 
the other nine cities. 

Homeward-bound trips also ranked first 
among automobile and taxi passengers in all 
cities except one. In the Fargo-Moorhead 
area, social and recreational trips ranked first 
for this mode of travel. In all but 10 of the 
remaining 49 cities, social-recreational trips 
ranked second and were followed by work and 
business trips. This order was reversed in 
the remaining 10 cities. 

The pattern of trip purposes for mass- 
transit passengers resembled the automobile- 
driver pattern more than that of automobile 
and taxi passengers, but among transit pas- 











sengers, home trips predominated in all citie 
without exception. Work and business trip 
ranked second in all but two cities, Philade 
phia and Wisconsin Rapids, where changing 
mode-of-travel and school trips caused th 
miscellaneous group to exceed work and bus: 
ness trips. 

The composite of all modes of travel fol) 
lowed the pattern of mass-transit passenger 
with home trips predominating in all cities 
followed by work and business trips in all bu 
Honolulu and Bay City, where social-recrea ¥} 
tional trips ranked second. 

These consistencies in trip patterns sugges 
the possibility of utilizing the present dat, 
in making estimates in cities where survey 
have not been completed. Although th 
ranking of trip purposes is fairly uniform, th 
limits of the individual percentages show wid. 
variations not directly related to the size o 








Table 10.—Number of trips by mass-transit passengers and by all modes of travel in each of 50 cities in six population groups, classifier 
according to trip purpose 































































































Number of mass-transit passenger trips made for purposes of— Number of trips by all modes of travel for purposes of— 
Population i} 
City group | 
Work and | Secial and Shop Miscel- Home Total | Workand | Socialand Shop Miscel- Home Total 
business | recreation laneous business | recreation laneous 
Philadelpiias Pa. -s-2.—- 583, 557 135, 154 126, 102 692, 382 861, 013 | 2,398, 208 961, 758 299, 150 182, 086 810, 512 | 1, 294, 574 |3, 548, 080 
San Francisco, Calif___--- 296, 825 79, 652 66, 397 86, 241 414, 667 943, 782 838, 215 356, 957 199, 826 347, 115 | 1,063, 372 |2, 805, 485 
Newark, INE) foes. oeeeeee 1,000,000 and 284, 434 78, 023 78, 313 54, 244 453, 361 948, 375 573, 786 200, 620 135, 988 121, 987 886, 116 |1, 918, 497 
Washington, D. C___----= over. 237, 164 52, 699 38, 872 51, 167 298, 058 677, 960 515, 537 210, 232 109, 805 170, 136 718, 160 |1, 723, 870 
a 2) (ein ae aap em a 1, 401, 980 345, 528 309, 684 884, 034 | 2,027,099 | 4, 968, 325 | 2, 889, 296 | 1, 066, 959 627, 705 | 1, 449, 750 | 3, 962, 222 |9, 995, 932 
SH DOIG IM Wohae oe ot Se 428, 806 69, 134 70, 793 30, 495 562, 209 | 1, 161, 437 626, 060 112, 383 97, 066 §2, 232 824, 563 |1, 712, 304 
ne Paul-Minneapolis, 137, 017 29, 327 33, 728 30, 394 201, 235 431, 701 442, 551 242, 638 119, 376 162, 910 665, 054 |1, 632, 529 
inn. 
Balgimore wives seee 500.000- 201, 560 44, 773 42, 922 46, 233 307, 263 642, 751 385, 113 110, 184 77, 255 87, 331 534, 834 |1, 194, 717 
ELOUStON, Lex eae F 1000 000 66, 022 8, 630 14, 227 44, 125 119, 265 252, 269 433, 046 203, 292 188, 692 275, 219 750, 078 |1, 850, 327 
Dallag Mexsse sce ae ae Ree ee 68, 066 7, 421 12, 317 22, 299 95, 968 206, 071 256, 996 121, 239 96, 107 145, 695 420, 168 |1, 040, 205 
Seattley Washes === 81, 675 25, 713 27, 015 16, 532 132, 308 283, 243 239, 268 106, 777 64, 234 61, 666 347, 239 | 819, 184 
(PO tal seeenen asses 983, 146 184, 998 201, 002 190, 078 | 1, 418, 248 | 2,977,472 | 2, 383, 034 896, 513 642, 730 785, 053 | 3, 541, 936 |8, 249, 266 
Bortland™ Orete=s=ss2=a=s 75, 407 27, 190 24, 837 10, 838 110, 779 249, 051 253, 196 138, 248 83, 033 76, 014 340, 757 | 891, 248 
ING@itollin Wine eae ee 40, 920 8, 230 7, 180 6, 060 55, 350 117, 740 152, 120 66, 720 39, 200 48, 460 218,420 | 524, 920 
Stin diURiay IM e ee cet +250, 000-500, 000 59, 449 16, 889 10, 040 43, 450 85, 142 214, 970 75, 702 29, 626 12, 840 52, 008 107,156 | 277, 332 
Total sae a oer | | 175, 776 52, 309 42, 057 60, 348 251, 271 581, 761 481, 018 234, 594 135, 073 176, 482 666, 333 |1, 693, 500 
Wichita, Kans ee sss —— 18, 508 3, 484 5, 349 8, 927 31, 441 67, 709 169, 128 62, 940 62, 257 97, 370 247,324 | 639,019 
Grand Rapids, Mich_---- 23, 407 6, 942 5, 704 3, 331 34, 176 73, 560 135, 431 99, 475 58, 875 52, 086 222, 621 568, 488 
EHonolaliw, Wisin = aa 34, 179 18, 845 9, 064 17, 751 82, 366 162, 205 89, 614 91, 149 32, 826 57, 453 210, 018 481, 060 
Sacramento, Calif____--_- 14, 517 3, 708 3, 917 8, 770 27, 344 58, 256 100, 647 42, 598 35, 697 54, 331 138, 314 371, 587 
Salt Lake City, Utah____- 21, 079 7, 642 6, 332 3, 735 35, 060 73, 848 81, 019 46, 750 20, 421 19, 981 123, 524 291, 695 
Wilmington, Del_------_- 28, 532 9, 317 6, 551 7, 244 46, 242 97, 886 81, 503 37, 574 17, 641 29, 505 117, 832 | 284, 055 
Ph OeHIx wATIZ Ee a= oes 15, 863 5, 046 5, 484 10, 897 34, 028 71, 318 96, 178 58, 363 54, 133 66, 268 161, 696 436, 638 
IR ACOm a aWidsenoee eee 14, 967 4, 724 4, 742 5, 340 25, 400 55, 173 61, 758 29, 997 16, 846 23, 229 87, 573 | 219, 403 
Spokane, Wash__._------- 14, 915 4,979 6,177 5, 057 32, 090 63, 218 55, 883 24, 208 16, 115 15, 875 96, 687 208, 768 
Scranton. eae a eee 15, 765 9, 282 14, 017 1, 960 40, 238 81, 262 38, 886 24, 809 20, 264 7, 344 80, 315 171, 618 
Duluth, Minn., Superior, 

Wiis ee eee eran bey 100,000-250,000 17, 648 7, 244 4, 953 2, 468 27, 658 59, 971 61, 327 40, 809 17, 560 18, 189 85, 131 222, 966 
Chester "Pas eee sane see 8, 197 1, 922 2, 311 3, 057 12, 680 28, 167 30, 170 12, 839 9, 363 9, 143 49,303 | 110, 818 
ERUCSOM sy A eee eee 7,310 2, 490 2, 640 5, 590 16, 290 34, 320 64, 705 37, 772 29, 137 37, 454 101, 632 | 270, 700 
pansing Niche nee 8) 543 2, 719 2, 583 3, 797 14, 478 32, 120 66, 293 33, 940 22, 465 32, 248 86,961 | 241, 907 
veddine spears 23, 717 4, 907 4,731 3, 552 82, 885 69, 792 55, 192 13, 313 9, 225 13, 547 65, 835 | 157, 112 
Albuquerque, N. Mex.___ 8, 668 3, 597 3, 069 2, 266 15, 290 32, 890 58, 866 45, 217 18, 591 26, 239 93, 714 242, 627 
Kockiord, IMSe tee anseecoe 10, 911 3, 059 6, 749 1, 354 20, 484 42, 557 71, 160 43, 419 27, 034 17, 424 122, 831 281, 868 
Saginaw, Mich___________ 6, 217 2, 074 1, 427 871 9, 471 20, 060 57, 444 31, 588 24, 806 30, 706 90,394 | 234, 938 
Madison) Wiss =--2=-2= = 10, 495 4, 008 2, 500 8, 785 20, 051 45, 839 50, 490 29, 265 15, 084 35, 848 74,414 | 205, 101 
Harrisburg, Pa____- Luzade 26,782 782 9, 578 5, 861 3, 299 38, 592 84, 112 58, 134 25, 392 13, 387 14, 300 79, 526 | 190, 739 

otglaetate ee eee 330, 220 220 115, 567 104, 161 108, 051 596, 264 | 1, 254, 263 | 1, 483, 828 831, 417 §21, 727 658, 490 | 2, 335, 645 |5, 831, 107 
Johnstown, Pa_..------_- 11, 424 3, 924 3, 132 1,176 17, 940 37, 596 27, 973 14, 463 10, 491 6, 326 41,535 | 100, 788 
AILOONS, Whats a eens 6, 107 1, 823 2, 391 946 10, 300 21, 567 26, 267 17,173 11, 326 7, 988 45,051 | 107, 805 
Muskegon, Mich_-__-_-___ | 6, 373 4,022 2, 307 574 11, 360 24, 636 39, 429 38, 269 13, 251 14, 042 69, 356 174, 347 
Rontiac, Vic aes 7 122 1, 949 1, 648 4, 813 12, 768 28, 300 38, 901 17, 427 10, 392 20, 611 59, 742 | 147,073 
Columbus, (Cae eed 21, 645 2, 894 3, 765 4,024 30, 903 63, 231 47, 624 12, 628 11, 575 14, 165 69, 954 155, 946 
Racine, Wiest tao h 653 2, 916 2, 390 2, 832 11, 257 27, 048 388, 412 23, 021 13, 078 22, 973 54,329 | 151,813 
Macon, (G7 at sede fe oe 50,000—100,000 20, 549 4, 418 5, 006 2, 915 33, 154 66, 042 46, 607 10, 082 9, 769 10, 529 68, 662 | 145, 649 
York, Pe eee 2 ee J Z 4, 281 1, 377 1, 496 1, 345 6, 537 15, 036 47, 309 18, 234 10, 354 17, 450 50,291 | 143, 638 
Charleston, (SPM @ Ele d: Soke 10, 498 5, 068 2, 261 789 15, 885 34, 501 29, 928 19, 687 8, 414 6, 082 50,098 | 114, 209 
Kalamazoo, Mich_ Re ee oh 7 189 2, 546 2, 247 3, 031 11, 144 26, 157 SYA HRD 24, 247 10, 799 15, 929 58, 623 147, 378 
Bay CityeeViiche seen | 4, 955 1, 978 1, 239 1, 337 GOL, 16, 526 32, 698 34, 522 14, 456 20, 967 62, 839 165, 482 
Walllamsport, Pass=eses == | 9 401 781 896 498 3, 971 8, 547 19, 535 11, 987 5, 887 9, 784 32, 001 79, 194 

Total = eee eee 110, 197 33, 696 28, 778 24, 280 172, 236 369, 187 432, 458 241, 740 129, 792 166, 846 662, 481 |1, 633, 317 
rey a Dak., Moor- 3, 543 1, 690 1, 310 885 5, 994 13, 422 32, 264 27, 800 7, 592 15, 429 46,446 | 129, 5381 

ead, Minn. 
Sharon-Farrell, Pa__-----| 4, 229 1, 489 2, 021 585 7, 688 16, 012 19, 506 15, 120 9,175 8, 492 34, 112 86, 405 
Norristown, Pa_..-------- Less than 3, 908 842 973 1, 759 6, 527 14, 009 14, 051 6, 967 3, 613 5, 870 24, 940 55, 441 
Appleton, Wis.. Seana =---- 50,000. il ae 356 445 325 1, 994 4,172 16, 867 11, 528 9, 559 9, 408 25, 570 72, 932 
Wisconsin Rapids, Wis__- 12 4 116 220 404 6, 990 4,173 3, 098 5, 560 10, 403 30, 224 
Otel eee ee | 12, A 12,784 4, 389 4, 753 3, 670 22, 423 48, 019 89, 678 65, 588 33, 037 44, 759 141,471 | 374, 533 
Grand:t0 (alomeasceaes All groups._ - "3,014, 103 014, 103 736, 487 690, 435 | 1,270, 461 | 4, 487, 541 |10, 199,027 | 7,759,312 | 3,336,811 | 2,090, 064 | 3, 281,380 |11, 310, 088 |27,777,655 
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ity and indicate that such a basis would _ trip purpose by each mode of travel are shown — seen later that for any particular urban area 
| provide only a rude forecast at best. in table 11. Despite the wide range between it is possible to make a fairly reasonable 
The ranges in percentages of trips for each the maximum and minimum percentages, it is forecast of the absolute volume of trips from 


.| which percentages may be computed. 
Ble HOME 


Mode distribution 





The percentage distribution of trips in the 
50 individual cities by mode of travel is 
presented in figure 6. The most noticeable 
difference from the previous distribution by 
trip purpose is the relative lack of uniformity 
among the several cities when considering 
travel mode. While not included in this 
article, similar percentages were developed for 
each trip purpose and a variable pattern was 
found in each case. The ranges in the per- 
centage of trips by each mode of travel for 

















SOCIAL AND RECREATIONAL 


ro each trip purpose and for all purposes are 
Geen Ebeet feel Pier pod Pee Eee ef) © shown in table 12. 


Besides being small in absolute volumes, 
WORK AND BUSINESS trips by automobile drivers and automobile 


PERCENT OF TRIPS FOR EACI 


40 and taxi passengers were also few on a relative 
, 20 bed Kt a basis in San Juan, where 7 out of 9 persons 
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making trips traveled as mass-transit passen- 


oO 
™% 


, > « Peo a gers, largely in “publicos’’ (privately owned 
° z rs til w cw Ww <f to) ? 5 Yi, 
n” _- ~) . . 
=e Qo Cog a a co) Zo Ofez «& ublic conveyances, usually station wagons 
| ae = suo im © x2 On ott = 4 2 2 8 , 
ese Ocal © oge2382e in Rites Sion ON>~Zsross « hich all ished 
DeLee Soe weve aga tw eox vet eo thy 2ZO5 529032 Cas Soe which generally operate over established routes 
} 22020834445 JZ 5 zz <j a zw =zs-—< 2) ; 
BO ns ee is eee eons ee et oNes Zove<O5 eee S 2 but with no fixed schedule). On the other 
rsa these ses eee sees eS sro use ee eS scot orazetsoa? hand, exceptionally hil t f aut 
| = SSSS SRS RR RE RAS KS OR ERO SO IRS Sree eee Sem home , Exceptionally ign percentages oO auto- 
: eas ; EPR reel | mobile trips were observed for each trip pur- 
Figure 5.—Percentage distribution of trips in each city, according to purpose. he as ; : PP 
| pose in cities of Texas, New Mexico, Arizona, 
| . . . . . 
MASSE TRANSIT. PASSENGERS California, Washington, Michigan, and 
Ls Wisconsin. 


It may be that these variations are related 
to the period during which the basic studies 
were made or to the geographical area in 
which the cities are located. Some of the 
studies where mass-transit facilities played an 
important role were made during or shortly 
after World War II when automobile driving 
was restricted. Also, other evidence indicates 
that the preference for automobile travel has 
increased progressively over the decade during 
which the studies were made in the various 
cities. Insofar as location is concerned, it is 
not unusual to find a particularly high propor- 
tion of automobile-driver trips in the South- 
western and Pacific States, and certain States 
in the Great Lakes region where automobile 
ownership and travel are relatively high. 
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Figure 6.—Percentage distribution of trips in each city, according to mode of travel. peter NTN ag 
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Table 11.—Range in percentage of trips for each trip purpose by each mode of travel in Pere Neo rale Waele Cree 

50 cities bile bile and | transit 

drivers | taxi pas- | passen- 

sengers gers 

Percentage range, by mode of eye in trips made for purposes 
6) — 








Work and business: 
Maximum..--_-_--_-- 
Minimum__- 

Social and recreation: 
Maximum 
Minimum__ 

Shop: 

Maximum. -._---- 
Minimum 

Miscellaneous: 
Maximum..___--. 
Minimum 

Home: 
Maximum.---_-_-- 
Minimum Sse. 2 - 

All purposes: 
Maximiuime 2-22 — 
Minimum 


Mode of travel 
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In spite of the noticeable lack of uniformity 
as far as mode of travel for each trip purpose 
is concerned, there was an overall trend for 
a larger percentage of automobile trips in 
smaller cities as would be expected. Con- 
versely, there seemed to be a general trend 
toward a larger percentage of mass-transit 
passenger trips in the larger cities. Mass 
transit was the predominant mode of travel 
in the largest cities, but automobile drivers 
comprised over half of the vehicular trips by 
residents in most of the medium-size and 
smaller cities. These trends appeared among 
trips for each purpose. 


Trips from Purpose to Purpose 


All of the previous discussion has dealt with 
the purpose of trips in connection with their 
point of destination. This section considers 
tne purpose from which the trips were made 
at points of origin, as related to the destina- 
tion purpose. This type of information is 
presented only in summary form for all 50 
urban areas, although detailed data are avail- 
able from individual city reports. The num- 
ber of trips made by persons ‘‘from”’ a purpose 
“to”? a purpose are included. This somewhat 
unusual phraseology is used to express an idea 
that could not otherwise be expressed precisely 
in so few words. It describes not only why 
a person made a trip to his destination, but 
why he was at the place he left. 

Table 13 shows the volume of trips in all 
50 urban areas from each purpose to each 


Table 13.—Number and percentage of trips by each mode of travel in 50 cities from each purpose to each purpose 


purpose for each mode of travel. The pre- 
dominant purposes of trips by all modes of 
travel were from home to work and business, 
followed closely by trips from work and busi- 
ness to home. These same trips were dominant 
among mass-transit passengers and automo- 
bile drivers, but ranked second among auto- 
mobile and taxi passengers. The trips from 
work or business to home did not quite equal 
the volume of trips in the reverse direction be- 
cause of the intermediate trips from work or 
business for some other purpose prior to re- 
turning home. For instance, some of this dif- 
ference was accounted for by the excess of 
trips from  social-recreational purposes to 
home, over and above the number of trips 
from home for social and recreational pur- 
poses. Also pedestrian trips, not included in 
the basic surveys, could have accounted for 
some of the apparent discrepancies. 


Trips between home and social-recreational 
activities were the next most important cate- 
gory (after the home and work-business cycle) 
among the trips by all modes of travel com- 
bined, but they were the most important 
purpose-to-purpose category among automo- 
bile and taxi passengers. Trips between home 
and miscellaneous purposes ranked second for 
automobile drivers and mass-transit passen- 
gers, third for all modes of travel combined, 
and fourth for automobile and taxi passengers. 
The third ranking category among automobile 
drivers and mass-transit passengers was home 
trips to and from social-recreational purposes. 
Trips between home and shopping ranked 















third with automobile and taxi passengers 
and fourth with each of the other modes o 
travel and with all modes combined. Th 
only other significant purpose-to-purpose cate 
gories were the automobile- and taxi-passenge: 
trips from one social or recreational purpost 
to another, 
work or business by automobile drivers, 
trips between work or business and miscella 
neous purposes by each mode of travel. 

Table 18 also shows the percentage dis 
tribution of trips from each purpose to eacl 
purpose for all travel modes. ‘Trips from 
home to work and business by mass-transi’ 
passengers were the foremost type of interna 
trips by residents of the 50 urban areas 
These trips accounted for nearly 10 percent 0: 
the total trips by all modes for all purposes 
Trips either to or from home were the most 
numerous of all. The only other categories 
of trips accounting for 1 percent or more Oj), 
the total were trips by automobile drivers foi 
work or business and miscellaneous purposes, 
and social-recreational trips by automobile 
and taxi passengers. 

Table 13 is the basis for figure 7 whick 
presents the percentage distribution of trips 
from each purpose to each purpose, and that 
proportion attributable to each mode of travel. 
Since trips are grouped first by trip purpose 
and then by all purposes, each trip is repre- 
sented at least twice in this chart. The 
arrows indicate the direction of trip purpose, 
In the upper left-hand corner of the chart, for 
instance, under the home category, it may be 
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Trips to— 
| 
Trips from— Work and business Social and recreation Shep Miscellaneous Home Total 
Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent 
AUTOMORILE DRIVERS 
Work and business Renee oe 1, 1387, 747 4.1 69, 070 0. 2 103, 456 0. 4 338, 519 flee 2, 042, 942 7.4 3, 691, 834 13.3 
Social and recreation_-___-.--_-- 31, 001 oil 135, 366 .5 43, 584 Se 93, 036 ae) 774, 933 2.8 1, 077, 920 3.9 
Shop Say a stay SES pe 43, 624 -2 46, 590 ay? 138, 449 +o 43, 602 .2 628, 494 2.2 900, 759 3.3 
Miscellaneoussss soe eens 340, 199 174 93, 187 58) 74, 324 we 237, 668 9 741, 549 ef 1, 486, 927 5.3 
Jc Kise (sae oe Sees eee ees 2, 127, 277 7.6 735, 729 207 551, 018 2.0 811, 448 PB! Tie el We See SES Ty Ee 4, 225, 472 15,2 
SRO ba. eee eee etree = 3, 679, 848 13.2 1, 079, 942 3.9 910, 831 3.3 1, 524, 373 5. 6 4, 187, 918 15. 1 11, 382, 912 41.0 
AUTOMORILE AND TAXI PASSENGERS 
Work and business_._.__-_-__- 117, 942 0.4 42, 639 0.2 36, 541 0.1 61, 531 0.2 887, 854 3:0) 1, 096, 507 3.9 
Social and recreation.._.__._-- 21, 597 evil 305, 659 iil 40, 488 od 38, 784 sal 1, 159, 437 4.2 1, 568, 865 5.6 
BHOD st oe eae eee ae 12, 875 sil 41, 213 ail 73, 229 a 09100 ua as sees 351, 404 1.3 487, 823 107 
Miscellaneous te: sse= een ee 48, 862 2 51, 781 +2 17, 394 ah 26, 310 al 285, 934 HO 430, 281 1.6 
Homet sso a fee 864, 385 3.1 J, 079, 090 3.9 321, 196 i eee | 350, 669 a es an ee eg Bh alee 2, 615, 240 9.4 
Totes ~ - sae ee 1, 065, 361 3.9 1, 520, 382 5.6 488, 798 1.6 486, 546 Mode 2, 634, 629 9.5 6, 195, 716 Dene 
| 
MaAss-TRANSIT PASSENGERS 
Work and business Saat. 3 118, 402 0.4 35, 234 0.1 38, 464 0,2 233, 567 0.9 2, 533, 978 9.1 2, 959, 645 10.7 
Social and recreation-----=2-=5 O° 086 eee a 35, 688 ol 12; 208 op temec se 39, 639 2 598, 636 2.2 695, 257 2.5 
Shop punk donot esas Soca eo meee TSUSOO reece 21, 087 pail 23, 085 ful 44, 347 a2 590, 706 PHA 692, 624 2.5 
Miscellaneouse. 224-6 eee oe 237, 287 9 52, 453 32 §3, 753 BZ, 189, 914 .6 764, 221 2.8 1, 297, 628 4.7 
Home 52s se ee ee 2, 635, 929 9.5 592, 025 PE Al 562, 925 2.1 7€2, 994 Ditty ba codes AN eee 4, 553, 873 16. 4 
Totaliz-n2csss eee 3, 014, 103 10.8 736, 487 2.6 690, 435 2.6 1, 270, 461 4.6 4, 487, 541 16.2 10, 199, 027 36. & 
ALL MODES or TRAVEL 
Work and business 5 os aoe ee 1, 374, 091 4.9 146, 943 0.5 178, 461 0.7 633, 717 2.3 5, 414, 774 19.5 7, 747, 986 27.9 
Social and recreation____..-__- 61, 684 ar 476, 713 Le 96, 230 533 171, 409 a6 2, 633, 006 9,2 3, 339, 042 12.0 
Shop- Teme ae mae ras staat 69, 598 : 3 108, 890 4 234, 763 oo 97, 351 .4 1, 570, 604 5.6 2, 081, 206 7.5 
Miscellaneous -242 eee oe 626, 348 2.3 197, 421 ME 145, 471 ais 4538, 892 1.6 1, 791, 704 6.5 3, 214, 836 11.6 
ELOING = 36 Sa a ee ee 5, 627, 591 20. 2 2, 406, 844 8.7 1, 435, 1389 5.2 1, 925, 011 6:0) able pte se A) eee ae 11, 394, 585 41.0 
Totalea. 2... te eee 7, 759, 312 27.9 3, 336, 811 12.0 2, 090, 064 7.5 3, 281, 380 11.8 11, 310, 088 40.8 27, 777, 655 100.0 
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‘een that trips in copnection with work and 
yusiness accounted for the largest proportion 
if home trips. Trips from home to work and 
Jousiness slightly exceeded those in the reverse 
#iirection (20.3 percent as compared with 19.5 
goercent). Mass-transit passengers ranked 
‘irst in these trips, and automobile and taxi 
yassengers ranked third behind automobile 
lrivers. 

Home trips that were linked with social and 
Jrecreational purposes were fewer than those 
Jnvolving work and business. Their pattern 
differed from the latter in that trips from home 
so social-recreational activities were fewer than 
jche reverse trips. Also, in this case, auto- 
}mobile- and taxi-passenger trips were the most 
aumerous, and were followed by automobile- 
driver and mass-transit passenger trips. As 
ja matter of fact, home trips linked with work 
and business were made less often by auto- 
mobile and taxi passengers than home trips 
linked with a social-recreational purpose. 
jFigure 7 is adaptable similarly to an analysis 
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of trips associated with other or with all to 
and from purposes. 

Table 14 shows the percentage of trips made 
both to and from each purpose for each mode 
of travel. Since for each single trip there are 
two purposes, one from and one to, the totals 
add to 200 percent. This table formed the 
basis for figure 8, from which it is apparent 
that first home and then work and business 
were the top-ranking purposes among all 
modes except one. Automobile and _ taxi 
passengers traveled more frequently from 
or to a social-recreational purpose (50 per- 
cent) than a work or business purpose (35 
percent). Work and business trips were rel- 
atively more significant among the auto- 
mobile drivers, since 65 percent of their trips 
were for that purpose. Mass-transit passen- 
gers were the group most likely to be traveling 
from or to home. The fact that this purpose 
accounted for almost 89 percent of their trips 
may be related to the greater possibility that 


intermediate trips by these persons 
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made by walking than in the case of automo- 
bile drivers and automobile and taxi passen- 
gers. Miscellaneous trips accounted for about 


Table 14.—Percentage of trips for each mode 
of travel in 50 cities, classified according 
to purpose at both origin and destination 


Mode of travel ! 





Purpose 


Auto- | Mass- 

Auto- | mobile | transit All 
mobile jand taxi] passen- | modes 
drivers | passen- gers | of travel 
gers 


ELOMIOne tree : bE 88. 6 
Work and 
58. 6 
Social-recrea- 

{ion 22-5 -- 19.0 
Miscellaneous -| 26.4 
Shopping- ----- 15.9 











1 Percentages add to 200 for each mode of travel because 
the purpose of each trip is considered twice, at place of origin 
(purpose from) and at place of destination (purpose to). 
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Figure 7.—Percentage distribution of trips from each purpose to each purpose. by mode of travel. 
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PERCENT OF TRIPS FOR EACH MODE OF TRAVEL 


WORK AND 


HOME = BUSINESS 


one-fourth of the trips by both mass-transit 
passengers and by automobile drivers. Trips 
to or from shopping amounted to approxi- 
mately 15 percent of the trips by each mode 
of travel. 

The percentage distribution of trips from 
each purpose to each purpose is presented in 
figure 9 for all modes of travel combined. 
This chart was constructed in a manner 
similar to figure 2. It shows, for instance, 
that trips from home to work and business 
predominated, accounting for almost 50 per- 
cent of the trips from home and over 20 per- 
cent of all trips. The reverse trips from 
work and business to home also accounted for 
about one-fifth of all trips, but they com- 
prised 70 percent of the trips from work and 
business. ‘Trips to home accounted for three- 
fourths of the trips from social-recreational 
and from shopping purposes, but in compari- 
son with total trips, they represented only 9 
and 6 percent, respectively. The large pro- 
portion of trips both to and from home, 82 
percent, is particularly apparent in figure 9. 


Household Characteristics 


In addition to data concerning the daily 
trips of residents, the basic origin and desti- 
nation surveys of the home-interview type 
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SOC. AND 
REC. 
Figure 8.—Percentage distribution of trips, both from and to each 
purpose, by mode of travel. 















































By and large they varied directly with popy 
lation. This pattern is more apparent j 
table 16, which compares the mean average 
for each of six population groups. In th 
table and in all of the following analyses Sa’ 
Juan, Puerto Rico, was omitted because ¢ 
the significant differences from the pattern ¢ 
- travel in the continental United States. 


AUTOMOBILE DRIVERS 





Trips Related to Household 


Characteristics 
AUTO AND TAX! PASSENGERS 


The ratios of trips by each travel mode t 
household characteristics are shown in tabl 
17 for the average city in each populatio 
group. The ratios of total trips and automc 
bile trips tended to vary inversely wit. 
population, while mass-transit trip ratic 
varied directly with population, as seen i. 
figure 10. The sharp upturn in the patter 
for total trips per automobile owned in th. 
highest population group was due to th 
relatively low automobile ownership ratio! 
in cities of the 1 million or more pcpulatio 
group and the greater incidence of mass-transi, 
trips in these cities. The reverse situatio) 
caused the low point in this pattern for citie 
of less than 50,000 population. Some of th 
other variations of the patterns in the 500,00. 
to 1,000,000 and 50,000 to 100,000 populatio: 
groups would be smoothed out by eliminatin 
surveys conducted during World War II. | 

The basic tables 9 and 10, giving trip pur: 
pose and mode of travel in each of the 5) 
cities, and the household characteristic 
shown in table 15 may be used to develo) 
similar individual city ratios for each mode 0. 
travel and each trip purpose. For each trij 
purpose there appears to be an inverse linea 
correlation between population and trips pe 
dwelling unit or trips per person for the auto 
mobile travel modes; that is, the larger citie, 
have smaller trip ratios. In the case o 
trips by mass-transit passengers, the corre 
lations generally appear to be direct for eac). 
trip purpose. | 

The relations existing between a few of thes: 
trip ratios and the number of automobile’ 
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provided information concerning the numbers 
of dwelling units, automobiles owned, resi- 
dents, and persons 5 years of age and older. 
Some of these household characteristics for 
the 50 urban areas are recorded in table 15. 
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Figure 9.—Percentage distribution. of trips from each purpose to each purpose. 
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a City Population group 
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‘able 15.—Selected household characteristics in each of 50 cities in 6 population groups 


Number of | Number of | Number of | Number of 
dwelling passenger persons, all persons, 5 
units cars owned ages years of age 
and older 
659, 165 257, 907 2, 233, 531 2, 048, 388 
554, 200 317, 400 1, 468, 933 1, 348, 835 
436, 886 245, 151 1, 456, 947 1, 345, 138 
_, 336, 181 181 203, 464 1, 109, 860 992, 644 
“7, 986, 432 986, 432 1, 023, 922 6, 269, 271 5, 735, 005 
294, 757 148, 415 974, 545 878, 377 
299, 510 226, 815 915, 960 825, 625 
275, 778 123, 998 912, 809 830, 909 
272, 722 256, 300 878, 629 765, 942 
168, 066 153, 777 533, 606 471, 064 
188, Re Ge 118, 622 518, 563 471, 911 
“1, 499, 565 499, 565 1, 022, 927 4, 734, 112 4, 243, 828 
152, 586 103, 245 453, 128 412, 358 
108, 000 61, 480 335, 910 293, 270 
63, __ 88,481 8, 011 312, 069 267, 726 
~~ 323, 717 717 172, 736 1, 101, 107 973, 354 
79, 534 75, 888 238, 302 206, 529 
65, 170 52, 795 220, 977 199, 209 
51, 422 32, 692 214, 236 184, 141 
79, 100 53, 900 201, 345 179, 778 
57, 103 38, 851 196, 571 172, 557 
49, 903 30, 190 181, 445 162, 503 
48, 221 36, 372 161, 567 145, 198 
48, 008 35, 175 138, 700 125, 002 
48, 517 29, 644 138, 381 124, 952 
41, 362 22, 093 137, 089 126, 541 
42, 550 25, 596 130, 847 119, 056 
35, 206 24, 449 127, 408 114, 709 
38, 690 32, 910 126, 900 113, 730 
35, 821 30, 252 122, 776 110, 269 
37, 910 17, 184 119, 850 112, 504 
34, 884 27, 469 116, 056 100, 817 
36, 200 33, 100 116, 000 102, 500 
31, 915 27, 028 112, 902 101, 438 
33, 365 25, 328 104, 074 94, 300 
31, 599 16, 363 103, 303 96, 100 
926, 480 667, 279 3, 008, 729 2, 691, 833 
23, 130 18, 828 87, 509 80, 351 
24, 060 16, 758 85, 347 77,477 
23, 507 18, 941 83, 724 75, 099 
22, 251 17, 808 79, 431 71, 851 
20, 307 8, 808 79, 192 70, 621 
23, 280 18, 483 78, 033 69, 508 
20, 089 9, 529 77, 665 69, 966 
25, 310 20, 473 77, 350 69, 387 
20, 258 7,179 73, 205 65, 390 
22, 645 17, 198 72, 024 65, 945 
19, 561 15, 927 69, 231 61, 454 
17, 016 14, 715 55, 216 48, 675 
261, 414 179, 647 917, 927 825, 724 
15, 617 12, 688 49, 852 44, 030 
13, 657 9, 442 48, 432 44, 310 
10, 282 7, 466 39, 485 36, 106 
11, 769 11, 073 39, 172 33, 923 
4 700 4, 660 16, 504 14, 428 
56, 025 45, 329 198, 445 172, 797 
5, 058, 6383 3, 111, 840 16, 224, 591 14, 642, 541 









, der dwelling unit are shown in figure 11. It 
s noted that in areas of high automobile- 
, »wnership ratios, the total trips per person 
ind the automobile trips per person were 
| greater. Also, since automobile-driver trips 
yer automobile tended to increase as auto- 
‘ nobile ownership increased, the number of 
stips per vehicle may be expected to increase 
|4s the ownership ratio of automobiles per 
‘amily continues to grow. Whether mileage 
‘sraveled per vehicle follows the same trend 
Jepends upon trip lengths. As in the case of 
/ igure 10, these curves are also affected by the 
data from older studies and by the economic 
'4s well as the population characteristics of 
ihe cities studied. 

Volume of trips and percentage of trips by 
ndividual purposes and modes of travel were 
wsociated with the ratios of automobiles per 
lwelling unit and persons per automobile. 
Although there was fairly good linear correla- 
‘ion between percentage of trips (by purpose 
ind mode) and automobiles per dwelling unit, 
shese correlations were not as high as others 
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relating trips to the absolute household data 
in each urban area. In the latter case, better 
correlations were found between volume of 
trips (by purpose and mode) and the numbers 
of persons over 5 years of age, automobiles or 
dwelling units, than between percentage of 
trips (for a particular purpose or mode of 
travel) and any one of these variables. 

The household characteristic which was 
most closely related to volume of trips varied, 


depending upon the mode of travel or pur- 
pose of trip. These relations are shown in 
table 18, together with their respective corre- 
lation coefficients. These two-variable, linear 
correlations were deemed to be sufficiently 
high to forgo the need for testing correlations 
based upon second-degree equations or loga- 
rithms. However, for convenience of pre- 
sentation the related scatter diagrams shown 
in figures 12-16 have been plotted on loga- 
rithmic scales. 

No attempt was made to associate all 
household characteristics with the volume 
of automobile- and taxi-passenger trips, but 
the scatter diagram in figure 17 suggests that 
the number of automobiles owned in the area 
is a good factor. 

The relatively low correlation for trips with 
miscellaneous purposes is not unusual because 
of the varying nature of such trips. A better 
correlation factor is hardly required, however, 
since there is less cause for estimating these 
miscellaneous trips due to their relatively 
small number—less than 12 percent of the 
total. More favorable multiple correlations 
might be developed if required. For instance, 
the addition of the factor automobiles owned 
to the number of persons over 5 years of age 
raised the correlation with mass-transit pas- 
sengers from + 0.941 to +0.987. 

In view of the large number of automobile- 
driver trips made for the purpose of going to 
work and for transacting business, these partic- 
ular trips were also associated with the several 
household factors. Although total work and 
business trips in an area were more closely 
related to dwelling units (a higher correlation 
coefficient) than total automobile-driver trips 
were related to automobiles owned, it was 
found that work and business trips made by 
automobile drivers were more closely asso- 
ciated to automobiles owned. In the latter 
comparison, which is illustrated in figure 18, 
the correlation coefficient was ++ 0.984. 

In order to more precisely estimate the 
volume of trips by each mode of travel for 
each individual purpose, it would be necessary 
to determine by means of correlation tech- 
niques similar maximum coefficients for the 
other modes and purposes. Of course, any 
application of estimates must be consistent 
with the resulting standard error. Further 
development is not attempted here, since 
this article is primarily concerned with exist- 
ing conditions within the 50 urban areas. 
However, this discussion should be sufficiently 
indicative of the types of analysis which may 
be continued and expanded in an effort to 


Table 16.—Average number of dwelling units, passenger cars owned, and residents per city 
for each of six population groups 


Population group 


cities 


1,000,000 and over_. 
500,000-1,000,000 
250,000-500,000 
100,000-250,000 
50,000-100,000 

Less than 50,000 





All groups 


Number of 


Average number (in thousands) of— 





Persons, 
5 years of age 
and older 


Passenger Persons, all 
cars owned ages 


Dwelling 
units 





1, 434 
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Table 17.—Average ratios per city between number of trips by each mode of travel and selected household characteristics in six populatio 


groups 


Trips per dwelling unit by mode of travel 


Population group 
Mass- 
transit 

passenger 


Auto- 
mobile 
driver 


Auto- 
mobile 
driver 


Automobile 
and taxi 
passenger 


Automobile 
and taxi 
passenger 


Total 


Trips per automobile owned by mode of travel 


Mass- 
transit 
passenger 


Auto- 
mobile 
driver 


Total 





2. 50 
1. 99 
250,000-500,000 

100,000-250,000---- 








00 Or O 





Nwdvdbrr 
SQVEONIT 


Less than 50,000 
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UTO AND TAX! PASSENGERS 
(///A AUTOMOBILE DRIVER 






> UV 


TRIPS PER DWELLING UNIT 


LAN 


\7\J 
S525] 


; ix> 
V/, 
YZ 
100,000 250,000 500,000 


TO TO TO 
250,000 500,000 1,000,000 


POPULATION GROUP 


PERSON 





TRIPS PER 


50,000 
TO 
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Figure 10.—Relation of trips per person, trips per dwelling unit, and 
trips per automobile to population size of cities. 


develop predictive factors representative of 
local travel in typical urban areas. 








facets of the total urban travel complex wer 
obscured as a result of the combining prc 
Several of the more notable individu 


cesses. 


Trips per person by mode of travel 


Mass- 
transit 
passenger 


Automobile 
and taxi 
passenger 


Total 








aspects are included here. 


For all cities, medical-dental trips accounte 
for 5.5 percent of the trips by taxi passenger: 
and, conversely, taxi-passenger trips accounte 
for 4.2 percent of the trips for medical ¢| 
dental purposes. Changing of mode accounte. 
for 10 percent of the train-passenger trips an 
train passengers accounted for 2.2 percent ¢ 
the trips to change mode of travel. 
is significant that 8.9 percent of the autc 
mobile drivers made trips for the purpose ¢ 
serving passengers. All of the serve-passenge 
trips were made by drivers of automobiles 

In addition to the cases just cited, there ar 
several interesting facts regarding individua 
cities, which were concealed when trip put 
poses and modes of travel were grouped. Fo 
example, in Columbus, Ga., Baltimore, Md. 


Also, i 





Charleston, 8. C., Reading, Pa., and Grani| 
Rapids, Mich., over 10 percent of the auto 


mobile-driver trips were for the purpose o 


transacting business. In Pontiac, Mich., an 


Sacramento, Calif., 14 percent of the auto 


mobile-driver trips were to serve passengers 
The fact that 11 percent of the automobile 
driver trips and 9 percent of the mass-transi 


trips in San Juan, P. R., were for the purpos' 


of eating is due largely to the prevalent loca 
custom of returning home for lunch at midday 


In the category of trips for the purpose o| 
changing mode of travel, several unusual situ | 


ations occurred in individual urban areas 


These trips accounted for 10 and 25 percen’ 
of the total streetcar- and bus-passenger trip! 
in Norristown and Philadelphia, Pa., respec’ 


tively. 


Also, in Philadelphia, change-modi 


trips amounted to 60 percent of the subway- 0). 
elevated-railway passenger trips and 24 per] 
cent of the train-passenger trips. | 

Over 12 percent of the streetcar- and bus |§ 
passenger trips were to school in Madison) 


Table 18.—Correlation coefficients computed for certain types of trips and related house: 
hold characteristics in 49 cities ! 


Appendix 


Mode of travel or purpose 


Up to this point, the discussion has dealt cee 
with several aspects of the travel pattern in 
50 urban areas with regard to the 5 major trip 
purposes and the 3 most important modes of 
travel. It was mentioned, however, that the 
basic origin and destination surveys, which 
provided the data for these analyses, included 
information with respect to 7 possible travel 
modes and 10 trip purposes; and in certain 
cases some rather interesting and significant 


Mode of travel: 
All modes 
Automobile driver 
Mass-transit passenger 
Purpose of trip: 
Work and business 
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Persons 5 years of age and over__ 
Dwelling units 


Household characteristic 


Dwelling units 
Automobiles owned 
Persons 5 years of age and over_- 


Dwelling units 
Automobiles owned. 





Correlation 
coefficient 





1 Scatter diagrams, except for social-recreational, miscellaneous, and home trip 
purposes, are presented in figures 12-16. 
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is., Pontiac, Mich., Sacramento, Calif., and 
m Phoenix and Tucson, Ariz. Trips to trans- 
et business accounted for 11 percent of all 


taxi-passenger trips in Charleston, S. C., and 
in Salt Lake City, Utah, and 13 percent in 
Seattle, Wash. 


TRIPS PER CAR 


TRIPS PER PERSON 





AUTO AND TAX! PASSENGERS 





CARS PER OWELLING UNIT 


r | 
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Figure i1.—Trips per person and trips per automobile related to automobiles owned per 
dwelling unit. 
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‘Figure 12.—Number of trips related to Figure 14.—Number of mass-transit pas- 
number of dwelling units. senger trips related to number of persons 
! 3 years of age and over. 
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WORK AND BUSINESS TRIPS — THOUSANDS 
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Figure 13.—Number of automobile-driver RWECEING GNIS.” THOUSARES 


trips related to number of automobiles 
owned. 


Figure 15.—Number of work and business 
trips related to number of dwelling units. 
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With regard to modes of travel, again there 
are individual city exceptions, which were 
absorbed in the grouping procedure. Among 
the more important variations which should 
be mentioned is the case of Washington, D. C., 
where taxi passengers accounted for almost 3 
percent of all trips. Also truck and taxi pas- 
sengers combined accounted for over 3 per- 
cent of the total trips in Baltimore, Md., and 
Macon, Ga. Finally, train-passenger trips 
amounted to 5 percent of the total trips in 
Newark, N. J., and 2 percent in Philadelphia. 
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Figure 16.—Number of shopping trips re- 
lated to number of automobiles owned. 
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Figure 17.—Number of automobile- and 
taxi-passenger trips related to number of 
automobiles owned. 
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work and business trips related to number 
of automobiles owned. 
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BUREAU OF PUBLIC ROADS 


Observations Concerning Urban Traffic 


Volume Patterns in Tennessee 


BY THE DIVISION OF HIGHWAY PLANNING 


The accuracy of estimates of traffic volumes on rural roads in 28 States has 
been determined in previous studies by probability measures. The production 
characteristics of the various traffic-counting methods were evaluated, and in 
the majority of these States efficiency was improved by appropriate changes in 
procedures. An important conclusion drawn from the rural studies was that 
traffic-volume sampling variations were relatively small and could be effectively 


controlled. 


Intuitively it has been recognized that in some aspects of traffic volume pat- 
terns on city streets a greater uniformity exists than on rural roads, and traffic 
volumes can be effectively sampled and accurately interpreted by even simpler 
statistical control devices. It was not, however, until the State of Tennessee 
had undertaken comprehensive urban traffic volume research that facts began 


to replace opinions. 


The findings of the present study support the judgment previously exercised 
in Tennessee in the use of some of the procedures and indicate the possibility of 
improving others. But in addition to the local benefits, the Tennessee studies 
provide an invaluable background upon which other States and cities can 
develop efficient urban traffic-counting procedures. 


INCE 1954, 55 continuous-count traffic 

recorders at 52 locations have been in- 
stalled in Tennessee cities in order to study 
the characteristics of urban traffic volumes. 
The recommendations of the Highway Re- 
search Board Committee on Urban Volume 
Characteristics were used as guides for the 
selection of locations for these recorders. The 
1956 data at 30 locations in 18 cities were 
analyzed in studies for machine counts, and 
1955 data at 33 locations were used in the 
analysis for manual counts. 

To determine the actual annual average 
daily number of vehicles, hereinafter called 
ADT, at a particular point on a road or street 
would require continuous counting for 365 
days. On the other extreme, a qualified 
person could make an estimate without count- 
ing, just from general knowledge of the situa- 
tion. The latter method usually would not 
be considered acceptable because of the 
suspected lack of accuracy. Since an exact 
determination is seldom possible, it becomes 
axiomatic that the ADT estimates are based 
on sampling, and the cost of obtaining these 
estimates must be related to their accuracy. 
The problem therefore is to find means of 
measuring the accuracy of ADT estimates 
obtained by various methods of sampling 
traffic volumes. The measures employed in 
the Tennessee studies made use of the con- 
figuration of similar patterns of repetition in 





1 This article was presented at the 37th Annual Meeting 
of the Highway Research Board, Washington, D. C., 
January 1958. 
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the mass movement of people and the concepts 
of probability of these repetitions. 

At the present time, only a few basic 
analyses have been undertaken to aid in the 
evaluation of existing sampling procedures 
and to provide essential measures in the 
development of new traffic-counting schedules. 
The present as well as other possible schedules 
were presumed to be based on the assumption 
that a sample weekday count is representative 
of the average weekday volume of traffic 
during the month of the sample count. There- 
fore, this basic assumption was evaluated and 
the size of the standard error was estimated. 
The standard error is a measure of the dis- 
persion about their averages of all possible 
estimates which are based on samples of a 
given size. Although the mathematics of 
probability do not require the knowledge of 
the true values in these studies, the true (or 
practically true) values are available at the 
continuous-count recorders and are therefore 
used as the basis for measuring errors of esti- 
mates developed by sampling. 


Conclusions 


The following conclusions were reached re- 
garding the observations of 30 urban traffic- 
counting stations in 13 Tennessee cities: 

1. Traffic counts of 24-hour duration on 
weekdays may be assumed to represent the 
annual average daily traffic volumes with cer- 
tain limitations, some of which are subse- 
quently referred to in the discussion of the St. 
Louis and Detroit studies. Although previous 


Reported ! by BORIS B. PETROFF, Head, 


Traffic Inventory Section, and 
ANTHONY P. KANCLER, Statistician 


studies have indicated that this assumption 
may result in an overestimate, the error is 
within practical limits of acceptance. 

2. The monthly variations of traffic are very 
uniform for the 30 continuous-count stations. 
The predominant majority of the ratios of 
ADT to the daily averages at individual sta- 
tions fall within the +10-percent range from 
the respective monthly means. The standard 
deviation for the Tennessee urban stations 
was +5.2 percent. lLHarlier studies in St, 
Louis and Detroit showed standard deviations 
of approximately +6.0 percent. It appears 
that confidence limits could be set so that a 
range lower than +10 percent could be 
achieved if populations could be identified in 
urban areas. Heterogeneous populations can 
be separated on the basis of parameters show- 
ing similar configurative patterns or selected 
maximum ranges of deviation. 

3. The goodness-of-fit tests as applied to the 
Gaussian or normal curve can be used to de- 
tect heterogeneous populations. These tests 
include the chi-square and Fisher’s g; and g2 
statistics. Samples may be taken from 
heterogeneous populations, and with proper 
statistical safeguards that samples are repre- 
sentative of the original population they will 
give satisfactory results. The statistical 
safeguards are the F- and T-tests. 

4. It can be stated from the studies that 
the 30-station mean monthly adjustment fac- 
tors could be satisfactorily used. Further- 
more, practically the same factors could be 
obtained from the data for 6 or 7 stations 
randomly selected. The tests indicate the 
possibility of refinements in the accuracy of 
adjustments for monthly variations. Such 
refinements would require identification of 
populations which is a costly operation. Even 
if this were accomplished, the study of Nash- 
ville which is subsequently described would 
indicate that the improvement in the accuracy 
of estimates of ADT, when based on 24-hour 
weekday samples, could hardly be expected 
to reduce the value of the standard deviation 
by more than 1 percent. 

5. Satisfactory estimates of 24-hour week- 
day traffic volumes can be obtained from 
weekday counts of 4-hour duration which in- 
clude either the morning or afternoon hour of 
peak traffic volume. 

6. Differences in social and economic char- 
acteristics, upon which the selection of the 
locations of continuous-count recorders was 
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Table 1.—Tennessee cities in which continuous-count traffic stations were located 


based, did not seem to influence to any great 

















extent the monthly variations of traffic vol- ; +3 RATE dese, Ae 
umes. However these characteristics should City via ge | City characteristics ation No. ity street classification 
not be disregarded in future studies as they Pee oe Le ee nee, 176,170 | A-I (a) (b) (c) (e) (), A-IE(a)-|  500-—«|: B-Z (a) 1, B-II (e) 
may be found to be significant in other 501 BHI (b) 3, BH (b) 
measures of traffic. ey eae ‘a 1, BAL (cr. 
af |ETQERES 
() —I (a) 2, B-II (¢ 
Selection of Traffic Stations 
: Ce Ae eS $7 407,439 | A-I (a) (b AT (Gigee 506 B-I (a) 1, B-II (c). 
, : rare: me Soak bu 507 B-I e 2, B-II S. 
In the selection of locations for the 55 508 B-I (b) 1, B-II (b). 
continuous-count traffic recorders, State offi- Ae i ; et o 
cials have followed in general the recom- 511 B-I (a) 3, B-II (c) 
mendations developed by the Committee on Knoxville. xe 124,769 | A-I (a) (b) (c) (e), A-II (d)---- 512 BA (b) 1, BI (b) 
Urban Volume Characteristics of the High- Bu Bt 3) i BH «) 
ray ] 2 15 = , B- 
way Research Board. These committee sug a va fa} ae ) 
gestions as interpreted by code for Tennessee 551 B-I (a) 1, B-II (a) 
are as follows: nih Johnson City...-.----.---- 28,337 | A-I (b) (c) (e), A-II (f)-------| 517. | B-I (a) 2, B-II (o). 
A. Distribution by city characteristics: 518 B-I (b) 3, B-II (b). 
I. By dominant economic base (as Morristown.--------------- 13,151 | A-I (a) (b) (ce), A-II (g)_------ 519 B-I (b) 2, B-II (a). 
described on pages 37 and 48 of the 520 | B-I (a) 1, BI (c). 
1950 Municipal Yearbook): CrossVilles. 5. des aus. - 2,291 | A-I (b) (ce), A-II (h)---------- 521 B-I (a) 1, B-II (¢). 
(a) Manufacturing and industrial, in- Rockwood eine: 4,272 | A-I (a) (b) (c), A-II (h)__--.| 522—«'|: B-T (h) 1, B-II (a). 
cluding Soh et spar ga McMinnville....---------- abr | AST (a) Cb) (oy) AcTT (h) eee 523 | B-I (b) 1, B-II (a). 
acs Mima Sa : Columbia icon. 10,911 | A-I (a) (b) (¢), A-II (g)-.----- 524 B-I (b) 1, B-II (b). 
(b) Retail, including diversified retail. 525 B-I (a) 1, B-II (c). 
a Le eh Jackson. eer aey aan 28,354 | AT(@) (b) (0) (©), ATE (....| $28 | BL (a) 1, BAT (o). 
e€Ssort. r -I (a) 3, B- cC 
(e) Education. Dyersburg.---------------- 12,063 | A-I (b) (¢), A-II (g)---------- 2g | BLO) 1, BAL (a). 
(f) Government. — , B= : 
(g) Dormitory. Dresdena =3-.== 2a as 4 1,509 | A-I (b), A-II (h).-..---------- 530 B-I (a) 1, B-II (c). 
II. By population size (1950 census): SW Avery eee eee ee DANO HICALT Cb) CAC TL Chyneee reese 531 | B-I (b) 3, B-II (b). 
(a) 1,000,000 and over : 
Decaturville_._....---.---- 5i4e)| AST (pb), 51k) esas eae 532 B-I (b) 1, B-II (b). 
(b) 500,000-1,000,000 Te ait 4 oon oat SN aie 
(ce) 250,000-500,000 IROSerS ville eee eee 2,670) A I(b)s(C); Asis (i) 2eeee eens 3 -I (a) 1, B-II (c). 
i (ee ee Sone ea 19,609 | A-I (a) (b) (ce), A-II (g)------- 534 B-I (b) 3, B-II (b). 
& at Kingspor (a) (b) (e) (g) ae a () eae (2). 
€ ? ? 
CEA ate Pete ae 10,103 | A-I (b) (c), A-II (g)---------- 536 B-I (b) 3, B-II (b). 
(f) 25,000—50,000 Athens ( ) (c) (g) 537 B-I P ry B-IL ie 
(g) 10,000—25,000 
C@hattancocass=s==aaeeem 131,041 | A-I (a) (b) (c), A-II (d)_--__-- 538 B-I (a) 2, B-II (c). 
(h) Under 10,000 ea suas kay 530 «| Balch & BAL). 
B. Location by street classification: bat Bt ‘a » Bail A 
I. By traffic function: 542 B-I (b) 2, B-II (b). 
(a) Major or arterial streets: Bolivars® (rth ee 2,429 | A-I (b) (c), A-IE (h)__-------- 543 B-I (a) 1, B-II (c). 
1. Radials that are part of primary Hiambolaramaein teen 7,426 | A-I (b) (c), A-II (h).--------- 544 | B-I (a) 1, B-I (0). 
State highways. 545 B-I (a) 3, B-II (c). 
2. Radials that are not part of Wnion Citys ee 7.6658 | A=l(b) (e)) ALL (h) 2 seen 546 B-I (b) 1, B-II (b). 
primary State highways. ea Bei te) bal icr 
7 i i Helby.vi lesa eee 9,847. | A-I (b) (c), A-II (h)_--------- 548 B-I (a) 1, B-II (¢). 
3. Crosstown (or rings) connecting Shelbyville (b) (e) (h) oe us 3 pba fete 
two or more major radials. ; 
(b) Secondary streets: Lewisburg aoa 5,312 | A-I (b) (c), A-II (h)-.-------- 560 | B-I (a) 1, B-I (b). 


1. Radials and crosstowns. 
2. Local, commercial, and industrial. 
3. Local and residential, 
II. By average overall speed range in 
peak period: 
(a) 5-15 miles per hour. 
(b) 15-25 miles per hour. 
(c) 25-35 miles per hour. 
(d) 35-45 miles per hour. 

The coding of urban continuous-count 
stations according to these classifications is 
shown in table 1. 

Data for one complete year of operations, 
1956, were available for 30 locations scattered 
throughout 13 cities. Table 2 shows the 
distribution of these stations by cities. It is 
noted in table 1 that these cities vary in 
population from 514 in Decaturville to over 
400,000 in Memphis. 

For the purpose of statistical analysis three 
tabulating cards were developed: Nos. 21 
and 31 as shown in figure 1, and the general 
card, the code sheet of which is shown as 
figure 2. 
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1 Economic characteristics and population groups. 
2 Traffic functions of streets and average speeds. 


Procedure 


The sampling error of 24-hour weekday 
(Monday through Friday) counts, which were 
distributed throughout all months of the year, 
was computed for the six stations in Memphis 
as shown in table 3. The mean coefficient of 
variation of +5.9 percent denotes that when 
the traffic volume for a 24-hour period on a 
given weekday was compared with the average 
24-hour weekday traffic during that month at 
that point, then, based on a normal distribu- 
tion, it could be expected that approximately 
two-thirds of such 24-hour weekday counts 
would not differ by more than +5.9 percent 
from the respective monthly means, and 95 
percent of such counts should not differ from 
their respective monthly means by more than 
twice the value of the coefficient of variation, 
or +11.8 percent. It is noteworthy that 
similar tests conducted by the Bureau of 


Explanation of codes is given in the text on the left. 
See codes given in the text on the left. 


Public Roads during 1957 on the 1954 data 
for 12 stations in St. Louis, Mo., resulted in a 
standard deviation of +5.4 percent; and 
studies made on 1954-55 data (April through 
November) at 10 stations in Detroit, Mich., 
indicated a standard deviation of +6.3 
percent. 

If the truest adjustment ratio of ADT to 
the average weekday of the month (the ratio 
derived from the same station from which 
the sample was taken) were applied to the 
sample to estimate the ADT, the measure of 
error in such estimates would still be expressed 
by the coefficient of variation of + 5.9 percent. 
Since the mean ratio value of the various tests 
based on ADT is unity (1.00), the coefficient of 
variation is equal to the standard deviation. 
The significance of the measure of standard 
deviation in these cases is practically synony- 
mous with that of the coefficient of variation. 
Thus, the +5.9-percent measure of the 
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Figure 1.—Tabulating cards used by the Tennessee Department of Highways and Public Works for simmarizing urban traffic data. 


sampling error is the minimum that can be when these estimates are based on adjustment source, it generally can be expected that the 
expected in the distribution of errors in ADT ratios computed in terms of ADT to the measure of the error in ADT estimates will be 
estimates in this particular study; that is, average weekday of the month from any other’ greater than the measure of the sampling 


error. 
catsrer | Sundey [| Mondoy [| Tuesdoy [Wodnessy]| Thurssey [| Friday [Somrdoy] 4, sh. A TYP by application. of appropriat 
eee eS anced lees ues sic ius ay oY to the ADT by application of appropriate 
see fee) 
group of stations having similar patterns oj 
Day Of Week a oe ee |e Petco atc. monthly variations of traffic volumes. They 
Month Of Coun ot eee 
ea ee eee (a a ES a 
a Ce ee Re i eas eS 


should be in terms of ratios of ADT to the 
Traffic Volume 
A 














weekday traffic of the respective months, 
Since the factors were based on group values, 
the resulting group mean values are charac- 
terized by differences between the individual 
station data and the group mean data. Thus, 
factors were another source of error contri- 
buting to the error in the ADT estimates. 
The material readily available did not permit 
the evaluation of the error in such factors. 
However, a reasonable approximation was 
available in terms of the ratios of ADT to the 
average daily volume for each month for the 
30 stations in 13 cities. These ratios permitted 
the measurement of monthly variations and 
the comparisons of these variations among 
stations. The ratios and comparisons are 
shown in table 2. It is noted that the over- 
whelming majority of the monthly ratios vary | 
from the respective means of the 30 stations 
by +10 percent or less, and the standard 
deviation of these differences is +5.2 percent. 


yes / 1 | pee 1 Sy \2 1 — 
S=4/ 54 [ 24 y (24) |= 


Nae i[9,716-5 sgi (16)" |= V27.52= 45.2) 


By comparison with the spread of seasonal | 
variation usually encountered on rural roads, — 
the extremely narrow range observed in this | 
study and the implications of these observa-. 
tions as regards traffic survey costs were given 
Figure 2.—Coding sheet for automatic traffic recorder data. special attention in the analysis. ] 
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Table 3.—Errors in sampling of Memphis traffic volumes for 24-hour periods on weekdays in 1955 ! 


_—_—_———————— ee eee 









































; : ; | 
Station number and item January February March April May June July August | September| October | November | December 
Station No. 506: 
Number of weekdays_--__- 12 19 18 24 21 20 20 17 19 2 Dl || 22 
i Average weekday volume.- 17, 668 18, 703 29, 402 21, 684 22, 061 23, 836 24, 378 DARITA 28 712) A ae TG 22, 297 22, 831 
| Coeflicient of variation _-_- 10.8 3.3 3.9 aug 3.1 2.4 2.8 3,2 8.4 Pde 3.5 8.8 
Station No. 507: | 
| Number of weekdays____-- 17 20 16 10 20 8 24 20 19,6) 22 19 | 24 
Average weekday volume_ 9, 172 9, 049 9, 660 10, 203 11, 429 10, 695 10, 608 10, 221 10, 606 12, 331 11, 714 11, 475 
Coefficient of variation -_- -- 4.8 4.5 3.8 553 12.6 3.9 4.6 4.7 1.4 7.9 2 | 6. 2 
Station No. 508: 
Number of weekdays--_--- 10 17 16 22 20 11 24 15 19 25 19 | 24 
Average weekday volume_ 15, 014 UD erly 12. 355 12, 478 12, 607 13, 009 12, 694 12, 643 13, 339 12, £06 13,198 | 13,040 
Coefficient of variation _ -__- 2007 3.8 3.6 5.6 7.2 4.3 3.9 3.6 id EY. 2 5.6 | 6.4 
Station No. 509: | 
Number of weekdays..-__- 16 20 16 20 14 16 24 LZ t | 15 | 20a 16 | 20 
Average weekday volume. 18, 095 17, 984 18, 222 18, 188 18, 772 19, 366 18, 741 18, 685 | 19,475 | 22,731 23,292 | 23 550 
Coefficient of variation____ 2.2 4.7 3.6 6.7 10,8 3.5 Bet 4.2 14,4 ii 4.3 | 8.0 
Station No. 510: 
Number of weekdays- ---- 19 20 14 23 20 20 24 19 ] 23 19 24 
\| j Average weekday volume. &, 385 7, 020 7, 903 7, 942 7, 589 7, 383 8, 173 7, 598 7, 962 7, 242 7,232 | 7,280 
i Coefficient of variation __- ies ial 4.9 4.2 4.9 3.8 10.6 5.9 4 wae 2.6 fine 
"iW Station No. 511: 
|| Number of weekdays------ 15 18 18 23 13 12 18 20 16 14 13 24 
| Average weekday volume_ 29, 575 24, 549 25, 333 27, 038 Zop LOOM Me TT LO 27, 370 25, 410 25, 578 28, 721 26, 624 25, 940 
| Coefficient of variation _-__- 8.9 4.6 4.2 4.0 8.5 7.9 9.8 5.9 | ers, 5.6 10.0 | ree 


1 Mean coefficient of variation=426.2/72=+5.9 percent. 


| Monthly Expansion Factors 





| Experience with rural traffic counts ? indi- 
ates that when monthly factors fall within 
he + 10-percent range of the group mean, then 
he effect of added amount of error to the sam- 
dling error of the '24-hour sample ‘in* the esti- 
nates of ADT is,very small. Thus, it Pap- 
eared that single monthly expansion( factors, 
_ yhich are the means-of the 30 stations, could 
ye used in Tennessee for the expansion of ,24- 
jour weekday sample counts so that the re- 
sulting errors in ADT estimates would not be 
-nuch larger than those which are expressed 
oy the standard deviation of +5.9 percent. 


| 2 Experience in application of statistical method to traffic 
ounting, by Boris B. Petroff. Pupiic Roaps, vol. 29, 
No. 5, Dee. 1956. 
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‘Figure 3.—Comparison of observed and 
theoretical distributions of deviations of 
individual ratios of ADT from the mean 
monthly ratios. 
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The chi-square test of these data (standard 
deviation +5.2 percent) showed a probability 
level between 5 and 1 percent. Considering 
“good fit’? within the range from 5 to 95 per- 
cent, the goodness of fit was not quite accept- 
able. The normal distribution is applicable 
only when chance forces are in operation. 
In this instance the normal distribution of the 
observed values is borderline, which indicates 
the possibility of forces or heterogeneous 
populations causing results not due to chance 
alone. 

The computation of chi square given 
in table 4 and the values obtained are pre- 
sented in figure 8. The tendency for the 
traffic observations to concentrate bimodally 
on either side of the mean contributes to the 
low chi-square probability level. 

Three random samples of 6, 5, and 4 stations 
were taken from the data for 30 stations; the 
respective standard deviations (S) were + 5.93, 
+4.70, and +2.53. The F-test related the 
variance (S?) of each of the three random 
samples to the variance of the 30-station data 
and expressed the probability level of the re- 
lation. The test showed that the 5- and 6- 
station random samples yielded stable results, 
whereas variations for the 4-station random 
sample were so much greater as to be unre- 











liable. The formula for the F-test is as 
follows: 

lets 

iss Se 





Where: 
S?2=The larger variance. 
S.?= The smaller variance. 

Another test for conformity, the 7-test, re- 
lated the significance of the differences in the 
monthly means of each of the three random 
samples to the monthly means of the 30-sta- 
tion data, but here the differences were not 
significant for all three. 


X\—X>_ 
=n — = 
(X1—-Xo9) 


Where: 





Sc sa. | CNiE Ns) (Leet Edt) 
1-2) ~"V WAND [CN —1) + Wi 1)) 





Xi= Monthly mean of sample having N; 

observations per month. 

Y.= Monthly mean of sample having Ng 

observations per month, 

Yd,2=Sum of the squares of the deviations 
of N; observations from the 
monthly mean. 

Sd.=Sum of the squares of the devia~ 
tions of Ny observations from the 
monthly mean. 

A chi-square test on each of the three ran- 
dom samples conformed with normal curve 
requirements. Random samples are not always 
representative since they are subject to the 
laws of chance. In this particular instance, 
the use of the 4-station random sample would 
appear to be the least satisfactory. 


Table 4.—Chi-square test of deviations of weekday ratios of ADT from the monthly 
averages 


Cumu- 
lative 
frequency 
theoretical 


Class interval 


Theo- 
retical 


Cumu- 
lative 
frequency 
observed 


| Observed 





104.8 
195. 7 
265. 4 
309. 4 
334. 1 
346, 2 
351.3 
353. 2 
353. 8 
354. 0 


0. 00-1. 99 
2. 00-3. 99 
4. 00-5. 99 
6. 00-7. 99 
8. 00-9. 99 
10. 00-11. 99 
12. 00-13. 99 
14. 00-15. 99 
16. 00-17. 99 
18.00 and over 














88 
197 
260 5. 
296 p 64, 00 
325 3B, a | 18249 
340 5 2. 8.41 
350 ; 24.01 
352 : 
354 
354 

















Degrees of freedom =8—2=6, 0.05>P>0.01, S==£5.24 








Grouping Stations array of the 30 stations based on their ratio relationship to all other stations; and (4) st 

values was set up for each month of the year, tions were grouped into five categories accor q. 

It was previously mentioned that the Ten- as shown in table 5; (2) the median and quar- ing to individual patterns. ‘ 

nessee 30-station data could have had a het- tile values for each month were determined; Group I.—Stations having a relatively afl 

erogeneous population. The following method (3) arbitrary values were assigned to the amplitude of deviations from the month, F 

was used to divide the original data into popu- quartile position of each station for each medians. DF 

lation groups having similar characteristics or, _ month, as shown in table 6, thereby setting Group II.—Stations tending to devia} J, 

as in this case, pattern conformity: (1) An up a configurative pattern for each station’s greatly from the monthly median values f 4} 

the first 6 months of the year. 

Table 5.—Frequency distribution of traffic stations by values of the ratio of annual average Group III.—Stations tending to devia 9 

daily traffic to the average daily traffic volumes for each month } greatly from the monthly median values f 

the last 6 months of the year. | 

Group IV.—Stations having monthly valu 

occurring within the interquartile range f } 

more than 9 months of the year. Ina norm. 

distribution the interquartile range is t] } 
50-percent probability level as contrasti 
with the standard deviation of 68 percen 
For the Tennessee data, this range was a' 
proximately +5 percent and the gro 
included 12 of the 30 stations. 
Group V.—A station having monthly valu 
closest to the monthly mean or median of ¢ 
stations was selected. Using the month, 
mean or median values of this station (No. 51 
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2 2 2 6 1 1 as a control, all stations having values falliz 
ee = TE : Z f? : ; 4 within +10 percent of the control values wei 
ae sat 4 : i 4 ina d : included in group V. Although this methe 
1.04 | a ere 3 te gtghs 1 1 ails 1 —- 2 does not necessarily separate populations fro) 
ne a i STAG) siti wh nD Rid ans ; mm ry a heterogeneous group, it does eliminai 


extreme values and trouble spots whic 





108 >| i for fun fa pa | u2 | ace | | x | a | 22 | probably should ‘have been eliminated onig| 
110 i | Te fe | Se | | Baha ksi eR) seetentlane Sool tatieely »  Bellystomongacasonionanatacn | 
Lu 2 Chg 3 ae Ti Speed ieee, ica Daca pater ren weicet a hea 2 2 2 
, i 2 ae Se | eae | Ae ems i | ager ase “SH nee” sit Testing by Statistical Method 
ue : ; Oe) oo i 2 ol ee oe ne eee oe ee To test whether groups I through V belon 
es 3 [cali iret |. ens ag Hh 2, 2 9 | Se NER eee iy eee oa Se Se See to significantly different populations, the 
1.19 1s Dillo Cesce pylons, Sah lb id athe cc te 4 RRR Mes apa Noe Beil eer teste sere | me were checked against each other by the use ¢ 
et ; cb le ae aan. mec ad ae a a ae =255 2555 the F- and T-tests. The results showed thé 
ne : Sees eae see cae al oes eee | eee an ee er | een pees groups I, II, and III were distinct population; 
isis, MBalaecin a, eigen sf Siete OE, aS tal gan a pee ee Re SE and groups I and IV were not significantl 
Ene |e different, since their selection was based mo1 









































or less on the frequency of monthly centr: 
1 Numbers in {italics indicate the first, second, and third quartile points in each month. tendency. Group IV is a mixed populatior 


Table 6.—Quartile position by month for each station in relation to all stations ! | 























Btelion Group number January | February March April May June July August | September} October | November | December | 
number 

500 Il, IV, V 3 Qi 2 Qi Q2 Q3 2 3 4 3 3 2 

501 avi 3 1 Q: 3 2 4 4 4 Q; Q Qi 1 

502 TEL EV), Vinh lip eee | sees eee 2 1 Qe Qi 1 1 3 Q3 Q3 2 

503 I, 1V 4 3 Qi 1 Qi Qi 3 3 2 Q2 Q» Q: 

504 LS Va Qi 2 3 Qe Q3 4 4 2 1 1 Q2 Q2 

505 I, IV, V Qo 2 3 Qs; Qo 1 2 Qi Q2 4 3 Qr 

506 II Q2 4 4 4 Qi 1 1 1 1 1 1 3 

507 TeV 1 3 Q3 3 4 1 Qi 3 3 3 Qa 4 

508 IE TINE EAN | 1 3 Qe Qi Qi 3 3 on) eae Q: 2 1 

509 Il 1 1 1 1 1 Qs 4 4 4 4 Q34 oa bee 

510 WING NG 2 2 2 Q3 4 Q3 Q3 Q3 Qi Q: Qi 1 

511 igh, 4 3 Q: 4 2 1 2 1 1 Qe 1 4 

512 iw Qi Q2 3 3 4 4 1 4 4 1 1 4 

513 TN 4 4 4 4 Qu 1 1 1 Qu: Qe 1 Q2 

516 EAT VeRy: 3 2 1 2 3 Qi Q: Q: Qi Q: 4 Q3 

517 IVs Vi Q3 Q2 Qe Q2 2 3 2 Qi 4 2 3 Qe 

518 II 4 4 Q3 2 Qu 2 Q1 1 1 Qo» >)! ese 4 

519 aL Vivi 2 3 3 3 3 2 2 Q1 2 3 Q2 Qs 

520 II | 3 4 4 Q; 4 3 4 Q 1 1 1 

521 sett | 4 4 4 4 2 1 1 i a 3 4 4 

522 Ali, WE 1 Qi 2 Qe Q3 Qi 3 3 Qr Q3 Qs 2 

523 3 Q3 3 Q3 4 4 Q2 Q2 Q: 1 1 1 

524 an 2 1 1 Q2 2 4 4 4 i Qi Qi % 

525 I, IV, V 3 3 2 Q? 2 Q; 3 Q» 1 2 2 3 

526 iB ONE I 1 1 Qi 4 4 39 Si ec Qe Q2 2 Q! 

527 ee : 1 2 2 2 Qs Q3 4 4 Qe Qi 2 2 

528 TLD LVR 2 Qi 1 Qe Q2 Qi 2 2 3 Q3 4 Qs 

529 III Qi 1 1 1 1 1 4 4 3 4 4 4 

530 U1 Q3 Q3 ] 1 Q; 3 3 4 4 4 Q3 1 

532 II 4 Q3 4 4 Qi 3 2 1 4 3 1 1 



































' Numbers 1-4 shown in the columns for the respective months express the following relation: 1=ratio value<Qu, 2=ratio value>Qi<Q:, 3=ratio value>Q2<Q3, and 4=ratio value>Q 
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J wut it can be used when the least variance 
-om the mean is desired. Group V is also a 
iixed population, tending to resemble groups 
| and IV; it serves to eliminate undesirable 
_\xtreme values due to error or forces incom- 
F ‘atible with the remainder of the data. The 
' aparate populations can be broken down into 
1 ubpopulations ; however, there is danger in 
 ecepting the manifestations of a small group 
] f individual stations which may not be truly 
1 spresentative of the whole population group. 
_ The chi-square test was applied to all five 
‘roups with satisfactory results for all except 
 roups III and V, indicating that these two 
| roups still had heterogeneous populations 
nd could be divided into more populations. 
' Another test supplementing the chi-square 
Dy ineas-of-fit test to the normal curve was 
so made, namely Fisher’s g; and gp statistics. 
‘or each sample, these values are based on the 
rst through the fourth moments of the de- 
‘jations of the observations from the mean of 
frequency distribution where the X-axis 
's the class interval of the monthly value of 


he ratio of each station’s ADT to the average 
f 











I 


a=... 


Comparison 
ance | 


F-test 
of Vari- 


day of the month, and the Y-axis is the fre- 
quency of occurrence. Just as the first and 
second moments about the mean are measures 
of the average deviation from the mean and 
the standard deviation, respectively, so are 
the first through the third moments used 
to obtain a measure of asymmetry (g,) and 
the first through the fourth moments a 
measure of the kurtosis, flatness, and/or 
peakedness (g2) as compared with the normal 
curve. The statistics g,; and g, are calcu- 
lated from the k statistics, which are in turn 
derived from the sum of the powers, from the 
second through the fourth, of the deviations 


from the mean of a frequency distribution. 
Thus, 





paces and ee 
Vk8 C 
Where: 


ka=S2/(N— 1) 
kg= NS3/(N—1) (N—2) 


PNVUCNT LS 3 (MDS Ni 
iB (N—1)(N—2)(N—3) 





ka 





Table 7.—Summary of various statistical tests for selected station groupings 


g-criteria probability levels 4 
Chi-square = 
test ? 








Pes StStIONS: 26% 4.6 8S 2... 228-2255 
All 30 stations compared with— 

6-station random sample 
§-station random sample _____---- 
4-station random sample _--__--- 
(Croup bistationSs =a. 2-25. = S_ 
(nop LL stations se. = ae ee 
Group III stations 
Group IV stations 
Croup Vistations_---_---=- hte 


6-station random sample 
6-station sample compared with— 
§-station random sample 
4-station random sample 


t 
‘ 
' 


nD Oe 


Group III stations 
CrOUD EV stalonsast. sass=.. 2. a= 
Group V stations 


NH Oe sh 
ODmPraeoo 


t 


6-station random sample 
§-station sample compared with— 
4-station randem sample 
Group I stations 
Group II stations 
GrroupeLol statlonsase soos. = a 
Group IV stations 
Group V stations 


4-station random sample_-_-_-------.---- e253) |) Geese 
4-station sample compared with— 
Group lstationss. S6.-2.-2.%.22.-|| See 2.0) 
Grouplilastationss-ss-sssee—s-4-4]) osa-= 4. 6) 
ROUTER UE SATION Same meee en | errant 2 : 

2.0 


8 

(LOUD LUVESTALIONS= 2 coerce os) eee == . 84 
Group VistatlonSs es. 2-5 eee Sees) eee 9 
Broun (13istations)=-....---c--=--2.= SES GOY || oc 

Group I stations compared with— 

Groupillistationss: as sees F | geek 2, 30 
TeMOMpMStationSe see osc ss ee he 15.42 
HOM DIUVESLALIONS= = eee steel) (one Hetero 
COU DAVEStAUONS tesa ee. _ oe ene2 1.03 
erorpin (0 stations)_....-...-=.-=---- +5. 46 oe ae 


Group IT stations compared with— 








rouoreul stations ates |) yes 1. 62 
(Ou pul VEStACONS memes = - este 4 oe 3. 47 
Chain AyY Geir & 255 Se Ee ee 2. 22 
Prop LL C7 stations).-.2! se-....-..-- 4.20.) ||\) ee. - 
Group III stations compared with— ed 
Croup LVastations o ease =ss---- mes 2.14 
CHOU DEV ESTATIONS 4ttec tae eae aoe) ee eS i By. 
croup LV (12 stations).......=------=-- +2. 93 aes 
Group LV stations compared with— 3 
CUROLGY OY AY TS HE C0) 0c ee ee (Coe 1.56 
tranp.V (18'stations).....-11..----..-- =. 66, |) ook 





! Values exceeding 1.35 are significant at the 5-percent level. 
. ? Acceptable probability level is between 0.95 and 0.05. 

’ P values less than 0.05 are considered significantly differ- 
‘nt from a normal fit. 
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0, 05> P>0. 01 0. 10> P>-0. 05 





ave 90> P>. 80 .20>P>.10 50> P>. 40 
(4) aoe sree ee _— 

ee P=.10 | 30> P>. 20 .10>P>.05 
CO) elbeleeen Seren etoile) ehkeh. os 
(4) BEE Ss | er eee ee 
ies. oes gaeee Ul. fake er i rnaie 
xu 90> P>. 80 . 60> P>. 50 P>.90 
CON Utes, ob hate Sal | WA eee eS eee 

(Oieg ees eas Vii a eS) ee ae 
(3) bate 2 es AS ll. Be Sl ihe A oh. 
jag 02> P>. 01 50>P>. 40 .02>P>. 01 
OF fo oe Se ee. en Man ree 
(WS |e Re ees ary ee es Be Pe - a 

: 20>P>.10 90> P>. 80 P>.001 
nee: .05>P>.92 | .50>P>.40 | .01>P>.001 











4 Difference in means is highly significant at the 5-perecent 
level. 


S,=The sum of the squares of the 
deviations about the mean. 

S3=The sum of the cubes of the devia- 
tions about the mean. 

S,=The sum of the fourth powers of the 
deviations about the mean. 

In converting the values of g; and -g, to t 
values which show the probability levels and 
significance of the sample in relation to the 
normal curve, the following formulas were 
used: 


2 hl c : 
“eS? at “2 92 
Where: 
S?,, (variance of g,) = 
) > .ONENE T 
(N—2)(N+1)(N+3) 
S? 4 variance of g.)= 
i aN LN = 1)? 
(N—3)(N—2) (N+3) (N+5) 





N=Nuinber of observations in samples. 


An interesting sidelight on the value of g, is 
its use in determining the minimum size of a 
sample to be taken from a larger sample or 
population when the value of g of the larger 
sample is know... The minimum sample size 
is computed as follows: Bo=g.+3, and N (size 
of sample) =(82—1)/4V2. In the Tennessee 
30-station data, the value of g; is 0.4477, 
and assuming the desired coefficient of varia- 
tion (V) of the standard deviation is equal 
to 10 percent, (62:=0.4477+3.000=3.4477. 
The size of sample N=3.4477—1/ 4 (0.10)?= 
2.4477/ 0.04=61.2 months. 

Since each station reports for 12 months, 
the minimum sample required is 61.2/12 or 5 
stations. However, this sample of 61.2 
months is a random sample distributed over 
all stations and not clustered in 5 stations. 
This cluster effect has not yet been inves- 
tigated, but because of its possible effect the 
number of stations may have to be raised to 
Grote s 

It has been observed that when the chi- 
square test for goodness of fit showed 
weakness, the g; and g; tests tended to sub- 
stantiate this weakness. A summary of the 
results of the various tests for selected groups 
is shown in table 7. 


Nashville and Memphis Studies 


From the data of 6 stations located in 
Nashville, 63 random samples of 24-hour 
duration were selected as shown in table 8. 
These samples were adjusted to the ADT 
estimates by application of the 6-station 
monthly means of ratios of ADT to the 
respective average weekday traffic volumes 
as shown in table 9. The differences (errors) 
of these estimates from their respective true 
values were expressed by the standard devia- 
tion of +6.7 percent. Recalling that the 
sampling error of the 24-hour samples was 
measured by the standard deviation of +5.9 
percent for Memphis, the effect of factorization 
on the final error is small indeed. 

Further, to test the practical meaning of 
the significance of the observed +10-percent 
range of variation in the monthly character- 
istics of the variations among stations, it was 
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assumed that no monthly adjustment ratios 
were available from Nashville — stations. 
Instead, the monthly mean ratios for the 6 
stations located in Memphis were used for 
estimating the ADT in Nashville using the 
same 63 samples. The standard deviation 
resulting from this procedure was +7.2 
percent. 

The difference between 7.2 and 6.7 percent 
could hardly be considered of practical 
significance, and yet it implies the absence of 


Table 8.—Errors in ADT estimates of Nashville traffic for 1956, based on 24-hour weekday samples expanded by mean factors 


need for Nashville data for the adjustment of 
samples. At least for this purpose, the six 
stations in Nashville could be considered un- 
necessary. Furthermore, the identification of 
possible different populations as previously 
discussed could not have had any appreciable 
practical effect on the accuracy of ADT esti- 
mates based on 24-hour weekday samples, as 
the error could not be expected to fall below 
the -+5.9 percent standard deviation of 
sampling. 


A comparison of the same 63 sample cour, |) 
with the ADT disclosed that the differem e 
between the sample traffic volumes and t, }) 
respective ADT volumes were measured by 
standard deviation of +8.7 percent. Co, 7) 
sidering that the corresponding minimum pc 
sible measure was + 5.9 percent, and the be 
results upon factorization (by Nashville fe 
tors) was 6.7 percent, a significant conclusi 
is derived. If on a 68-percent confiden 
limit, errors of 9 percent or less would 
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Using mean Nashville factor Using mean Memphis factor Using mean Nashville factor Using mean Memphis factor 
| 24-hour |_ 24-hour 4 | 
week- | week- : : J 
Month day | Esti- Error ! Esti- Error ? day Esti- Error ! Esti- Error 2 4 
}volumes Factor | mated Factor | mated volumes | Factor | mated Factor | mated |__ ay 
| | ADT ADT ACD ADT I 
Volume} Percent} Volume} Percent Volume} Percent Volume|Percen 4) 
ee. { 
STATION 500—ADT 26,635 STATION 5083—ADT 7,615 
Vantwany See = =: esa eee 24, 821 1.09 | 27,055 420 1.6 1.06 | 26, 310 —325 —1.2 7, 436 1.09 8, 105 490, 6.4 1. 06 7, 882 267 3.5 \ 
Rebruanye: . Se eee 25, 528 1.02 | 26.038 —§97 —2.2 1.03 | 26, 294 —341 —1.3 7, 834 1.02 7, 991 376 4.9 1.038 8, 069 454 6.0 l 
Miarchaties:.- 2. PAN TPA .98 | 25,212 |—1, 423 —§.3 1.01 | 25, 984 —651 —2.4 7, 967 - 98 7, 808 193 2.5 1.01 8, 047 432 5.0 
A TT aioe p= ee ee ene eS PAG IVA .95 | 26, 341 — 294 —1.1 1.01 | 28, 004 1, 369 5.1 8, 219 - 95 7, 808 193 2.5 1.01 8, 301 686 9.0 
IVa ees) Ss eee 29, 876 . 92 | 27,486 851 Bo) | .96 | 28, 681 2, 046 woe 8, 641 . 92 7, 950 335 4.4 . 96 8, 295 680 8.9 
JUD Caee ns. een | 30,435 | .93 | 28, 305 1, 670 63) . 93 | 28, 304 1, 669 6.3 8, 010 - 93 7, 449 —166 —2.2 . 93 7,449 —166 | —2.2 
Hi bihi es ee Meee Pree aes, | 27,407 | .93 | 25,489 |—1, 146 —4.3 | .96 | 26, 311 —324 Il, 7 8, 295 . 93 7, 714 99 1.3 . 96 7, 963 348 4.6 
Ii ei eee epee, STEN nas BOD lesen oes | eee oe 2 me COAG ae Se oral eee hc een 8, 453 OD) | MTL TT 162 2.1 .94 | 7,946 331 4.3 9 
September___----------- ae Coste Sh Alec Nieweme ts SOF Ree os ape eee oe a ete 8, 363 .95 | 7,945 330 4.3 .95 | 7,945 330 | 4.3 |) 
October eae _| 25, 680 .95 | 24,396 |—2, 239 —8.4 -96 | 24, 653 1, 982 —7.4 7, 861 - 95 7,468 —147 —1.9 . 96 7, 547 —68 —.9 1) 
Novenlber: 2292 es | 24, 853 .97 | 24,107 |—2, 529 —9.5 .96 | 23, 859 2,776 | —10.4 8, 623 97 7, 782 167 Dae . 96 7, 702 87 18 
December eas eae eee (cee one NO cue cea haat ae eae eee 52) i Lc A oe Aa en Se pe eae 7, 980 .94 | 7,501 | —114} —1.5 S05 OSE —34 | -—.4 
| 
STATION 501—ADT 576 STATION 504—ADT 7,863 | 
JAUAy See. eee 458 1.09 499 —77 | —13.3 1. 06 485 —91 | —15.8 8, 061 1.09 8, 786 923 iohe Ye 1. 06 8, 545 682 8.7 
Bebrvaryess soo 594 | 1.02 606 30 §.2 1.03 612 36 G:.3)1||Sae eee UK 0) ee ee Sees eee) oe ee = 1203 "| 228 ee ee a ee 
March ase 55 2e eee 668 . 98 655 79 13.7 1.01 675 99 17. 2 8, 226 - 98 8, 061 198 2.5 1.01 8, 308 445 5.7) 
Aprils 624 5 ono eae 548 - 95 521 —55 9.5 1.01 | 553 —23 —£0 8, 734 95 8, 297 434 5.5 1.01 8, 821 958 12:2 
INMGY aes. os = See 602 . 92 554 —22 —3.8 96 | 578 2 .3 8, 281 . 92 7, 619 — 244 —3.1 . 96 7, 950 87 Lt 
JUNG Set ee ee 2 oes 565 . 93 525 —61 —8.9 - 93 525 — hil —8.9 8, 822 . 93 8, 204 341 4.3 . 93 8, 204 341 4.3 
JUL ee a eee 605 . 93 563 —13 —2.3 - 96 581 5 .9 7, 936 . 93 7, 380 — 483 —6.1 - 96 7, 618 —245 | —3.1 
ANT oStes 2 ae Soaeeeeay 530 . 92 488 —88 | —15.3 . 94 498 —78 | —13.5 8, 540 02a mae Sod —6 —.1 .94 | 8,028 165 2. 
September 25.2 =. 2os 531 . 95 504 —72 | —12.5 . 95 504 — i Wh = 1.0) eee ae 05) | SS ele ee. eee . 95.) 2ee 23h eS ee 
Octobenjsie ae ss ees 561 . 95 533 —42 —7.3 . 96 539 —37 —6.4 8, 772 . 95 8, 333 470 6.0 . 96 8, 421 558 7.5 
INOVelMIDeIo. se o-oo eee 573 | 97 556 —20 —3.5 - 96 550 — 26 —4.5 8, 400 - 97 8, 148 285 3.6 . 96 8, 064 201 2.6 
December. 22 = Sees 633 | . 94 595 19 3.3 - 95 601 25 4.3 8, 601 . 94 8, 085 222 2.8 . 95 8,171 308 3.9 
STATION 502—ADT 4,868 STATION 505—ADT 17,439 
| || 
JANUSTYaeeeees Sask 4,456 | 1.09 | 4,857 —411 —8.4 1.06 4, 723 —145 —3.0 17, 869 1.09 | 19,477 2, 038 17 1.06 | 18, 941 1, 502 8.6 
HebDruary ea See 4, 489 1.02 4,579 — 289 —5.9 1.03 4, 624 — 244 eet a Oe eee LAO DP ee Se eae ee rete ee 12.03" |. 2 a eee ae 
March. ees 5, 285 . 98 5, 179 311 6.4 1.01 5, 338 470 9.7 17, 420 .98 | 17,072 —367 ad 1.01 | 17, 594 155 9 
Aisa eee ert eee. 5, 736 . 95 5, 449 581 11.9 1.01 5, 793 925 19.0 17, 061 . 95 | 16, 208 |—1, 231 —7.1 1.01 | 17, 232 —207 | —1.2 
MO Viite =e eat SS 5, 515 . 92 5, O74 206 4.2 . 96 5, 294 426 8.8 18, 993 .92 | 17, 474 35 oe . 96 | 18, 233 794 4.6 
UTICA eons ee ee eS 5, 844 . 93 5, 485 567 11.6 . 93 5, 435 567 11.6 19, 157 .93 | 17, 816 377 2.2 .93 | 17,816 377 2.2 
Uy ee ee ee 5, 928 . 93 5, 513 645 13. 2 - 96 5, 691 823 1620s) seaee oe 390M ese le oe a ee ee eee ee » 96 i eee ee 
PATIL OUIS G See een ae eee ll eee OD a eee el ere ee oes 04: || See | Berea eee a ene eee 18, 274 . 92 | 16, 812 —627 —3.6 94 | 17,178 —261 | —1.5 
Seplem Deraee see a. eae 5, 099 ats 4, 844 — 24 —.5 - 95 4, 844 —24 —.5 17, 998 -95 | 17,098 —341 —2.0 95 | 17,098 —341 | —2.0 
Octobet = ee 5, 140 ~ 95 4, 883 15 3 . 96 4, 934 66 1.4 18, 810 -95 | 17, 869 430 2.5 .96 | 18,058 619 3.5 
November o2=-2 = == 5, 267 97 5, 109 241 4.9 - 96 5, 056 188 3.9 17, 883 .97 | 17, 346 —93 —.5 .96 | 17,168 —271 | —1.6 
Decem berin2) 2. ares ee ge ee FE al ene ee ity epee tes [i So he SOG. San en eB 19, 789 . 94 | 18, 602 1, 163 6.7 95 | 18, 800 1, 361 7.8) 





















































ap (percent error)? _ (2,786.54 








1 Standard deviation (Nashville): S N= 


63—1 =-+6.7 percent. 


2Standard deviation (Memphis): S= 





/>(percent error)? -/3,255.18 
N-1 63-1 








+7.2 percent. 


Table 9.—Ratios (mean factors) of annual average daily traffic to average weekday traffic volumes for Nashville and Memphis, 1956_ 











City and station January February March April May June July August September | October | November | December | Average 

number daily traffic) 
a a ty e. — rl = = 

Nashville: | 
OOS. sone ae 1.09 1.02 1.01 0. 96 0. 97 0. 94 0. 94 0. 96 1.01 1. 00 1. 02 0. 95 26, 635 
UM ERE ed © ie 1,12 1.00 1.01 1.00 | . 95 1. 04 HO! 1.01 1.00 | . 95 97 .91 576 
Dee ee 1.14 i ih . 94 . 88 . 89 . 88 . 84 . 82 . 93 . 94 . 96 . 92 4, 868 
503 ees 1.15 1.00 . 94 91 . 89 . 89 . 92 . 92 . 93 . 93 . 96 . 96 7, 615 
it Pagan ee eee 1.10 .98 . 97 . 94 98 . 94 . 96 . 88 . 88 . 88 . 94 . 94 7, 863 
505_ 1,03 .98 . 98 . 98 91 . 89 90 . 90 94 99 . 98 «95 17, 439 
Mean_.--_.- 1.09 1, 02 98 95 . 92 93 . 98 . 92 95 . 95 .97 39404 ee 

Memphis: | é 
B06 24.2 et ae Lote 1.16 1.10 | plana 1.01 95 . 94 - 90 91 . 90 95 . 99 23, 671 
507 See . 95 | . 99 . 99 -97 . 96 . 87 . 88 . 93 aye -97 . 95 . 99 10, 394 
BOR: 222 fees 1.05 | 1.06 1. 02 .97 95 .97 . 98 .97 . 98 . 96 .97 . 92 12, 282 
[100 pe ie ey 99 . 93 . 95 91 . 90 . 90 1.03 1.00 1.01 . 99 1.01 . 95 21, 254 
DLO esas Sees 1.07 | 1.01 . 98 1.01 .99 . 96 OL .95 | . 94 - 95 . 93 . 92 7, 058 
hee 2a See Leahy | 1. 04 1. 04 1.10 . 95 . 90 . 93 . 87 . 88 . 96 .92 95 27, 903 
Meni. eee 1. 06 1. 03 1. 01 1. 01 96 93 . 96 94 95 - 96 96 SORT | Abas eee 
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leceptable as sufficiently accurate, then a 
4-hour weekday traffic count may be assumed 
» represent the ADT. 


Similar tests of Detroit and St. Louis data 


appear to bear out this conclusion with the 
following qualifications: (1) The months of 


‘able 10.—Factors for the expansion of 4-hour urban counts to 24-hour counts on weekdays 















































and the evaluation of the accuracy of these factors 
| | Average ratio of 24-hour traffic to | Average ratio of 24-hour traffic to 
i 4-hour traffic 4-hour traffic 
| Number of Number of 
| Month / counts counts 
; Standard | Standard Standard | Standard 
Ratio deviation error of Ratio deviation error of 
| of ratio ratio of ratio ratio 
6 a.m.-10 a.m. 7a,.m.—11 a.m. 
January _._______ | 262 4.54 0. 85 0.05 262 4.10 0. 64 0. 0: 
mepruary=-.....- 631 4.72 | 84 . 03 631 4,29 . 62 .02 
Berar. | 719 4.52 73 - 03 719 4, 26 . 55 . 02 
ae 672 4.40 . 59 . 02 672 4, 27 Oe .02 
@ilmelay—.......-..- 643 4.43 | . 55 - 02 643 4.35 vol . 02 
Weemane___._.-.. 685 4.60 | .63 .02 685 4,45 .58 02 
| iar | 603 4.61 70 08 603 4, 46 .59 . 02 
BpToUS sooo ase 736 4. 57 | . 67 . 02 736 4.46 nO 02 
September _____- 690 4.53 . 84 ~03 690 4.38 . 67 . 03 
Mchoper. -2=—..5- 633 4. 34 . 66 . 03 633 4.18 57 . 02 
November_--_---- 623 4.42 | sta - 03 623 4.15 . 60 .02 
H December-__-_-_-- 414 4. 50 ee . 04 414 4.19 . 60 . 03 
MF | Average. ___- ie eco 14,50 eee ee le ees 14,31 SO Pill 2a 
| | 
8 a. m.-12 noon 11 a.m.-3 p.m. 
January _..-.-.-- | 262 4.538 0. 65 0. 04 262 4.47 0. 54 0.038 
imebruary—....-= 631 | 4. 50 . 66 . 03 631 4, 26 . 62 02 
“ne a | 719 | 4. 50 | . 56 . 02 719 4.30 . 56 02 
pete: 2 =. | 672 4.53 51 .02 672 4, 39 55 02 
ey ence | 643 4. 60 52 02 643 4.50 58 02 
earings =. Ste | 685 4. 54 .53 . 02 685 4.33 . 52 . 02 
liv | 603 4.59 | . 52 . 02 603 4,47 ol . 02 
AUFERO Se ae 736 4. 63 . 53 . 02 736 4, 46 NO, 02 
September _____- | 690 4.57 .58 .02 690 4.51 62 02 
mMctoper_.._<_-_| 633 4.45 . 50 .02 633 4.46 . 60 02 
November __--_--_- 623 4.39 57 . 02 623 4. 34 . 60 . 02 
December--_---- | 414 4.45 =O . 03 414 4,35 57 . 03 
Average _____ | = PERS ete 14,53 SDORP IP same th aaa 14, 40 SUy (Wiles s 2s SEs 
12 noon-4 p.m. 1 p.m.=5 p.m. 
Beaulary 2 os. 2be 262 4,14 0.41 0.03 262 3. 66 0. 34 0.02 
Pebruary ---__---- 631 3. 93 - 48 02 631 3. 57 . 86 OL 
Byvtarchic: oo. 22 719 3. 96 45 02 719 3. 62 .33 OL 
NOS) as aa | 672 4.08 42 02 672 3.71 LO) 00 
En 643 4.18 . 48 02 643 3.8 . 34 .O1 
BUN e- 225. 55.25 685 4.16 42 02 685 3. 85 .10 00 
Jab; 2 ee 603 4. 30 ~45 02 603 3. 94 . 36 O1 
BNUCUSE 2K 2 SA 736 4. 25 "Ow 02 736 3.90 Od. 01 
September _____- 690 4,21 762 02 690 3. 87 39 01 
October. i-_2-..- 633 4.10 .49 02 633 3. 74 37 Ol 
November__-_--_- 623 4.00 47 02 623 3. 65 . 34 OL 
December__-_-_--- 414 3. 98 . 48 02 414 3. 63 . 34 02 
PANY ETAG Oa eset See > 14.11 A Mee cece a ot, NN cere eae 13.75 HHL) will fake ee 




















1 Weighted average based on card count. 





Traffic Article Postponed 


The article Traffic and Travel Trends, which 
has appeared annually (except for 1954) in 
Pustic Roaps magazine since 1946, will not 
| be included this year. 
The comprehensive study of highways, be- 
)gun in 1956 in accordance with section 210 of 
the Highway Revenue Act of 1956, was given 
preference over the work of reporting and 
‘analyzing the 1957 traffic trends data. The 
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consequent postponement of this work has 
delayed the publishing of the usual traffic 
trends article for this one year. Tabular ma- 
terial, which would have been a part of the 
report had it been published, will be available 
to subscribers of Purtic Roaps during the 
first quarter of calendar year 1959, and a set 
of tables giving 1957 traffic information will be 
furnished at that time upon request addressed 
to the Bureau of Public Roads. 

Traffic data furnished in conjunction with 
the section 210 study will undoubtedly result 


January, July, August, and December show a 
high degree of dispersion for the test observa- 
tions and hence are not representative months 
of the year; (2) there are low-volume roads in 
urban areas which will also show a high degree 
of dispersion and may pot be reliable; and 
(3) the average weekday count is generally 
higher than the respective ADT, the average 
difference for the year being about +5 per- 
cent of the ADT. When seasonal variation is 
considered, the average range of the 24-hour 
weekday count is about 95 to 110 percent of 
the ADT. In Tennessee, because the factors 
are already available, the adjustments for 
monthly variations will be made. 


Four-Hour Weekday Counts 


Manual counts of 4-hour duration on week- 
days are also used in Tennessee cities for the 
purpose of estimating ADT. The evaluation 
of the conversion of weekday 24-hour counts 
to estimates of ADT has already been dis- 
cussed. Utilizing an electronic computer, a 
population study was made on the 1955 data 
of 33 urban continuous-count recorders for 
the purpose of determining and evaluating 
the procedure for the expansion of these 4-hour 
samples into estimates of traffic for 24-hour 
periods on weekdays. 

Table 10 shows the mean expansion factors, 
the standard deviation, and the standard 
errors of the means of the expansion factors 
by months and by different 4-hour periods of 
traffic counts. The great similarities of the 
mean monthly factors and the consistency of 
the standard deviation for various 4-hour 
periods are evident. It is observed, however, 
that the greatest variation, average standard 
deviation +0.71, occurs during the period 
from 6 a. m. to 10 a. m., being 15.8 percent of 
the mean factor of 4.5. The smallest vari- 
ation is for the period from 1 p. m. to 5 p. m. 
for which the average standard deviation is 
+0.31 or 48.3 percent of the mean factor of 
3.75. These characteristics indicate that esti- 
mates of 24-hour weekday volumes are ac- 
curate in terms of standard deviations of 
about +12 to 13 percent, which may be con- 
sidered satisfactory for practical purposes. 


in revisions being made in tables to be pub- 
lished for 1957. Furthermore, the new in- 
formation resulting from the section 210 study 
will make it possible to check a series of esti- 
mates of total rural and urban travel. 

The present plan is to publish in Pwtruic 
Roapbs the 1957 traffie trends along with 1958 
data when they become available. It is ex- 
pected that the consolidated article will in- 
clude a more detailed analysis of travel char- 
acteristics than has been published since the 


end of World War II. 
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